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ORGANIC SYNTHESES 



ACID AMMONIUM o-SULFOBENZOATE 



\x 



S0 2 x 

CO' 



>NH + 2H2O 



SO3NH4 
C0 2 H 



Submitted by H T. Clarke and E. E. DregeR. 
Checked by Henky Gilman and J. E. Kirby. 

1. Procedure 

In a 12-I. flask fitted with a stirrer and reflux condenser are 
placed 188 g. (1 mole) of o-sulfobenzoic imide ("saccharin 
insoluble"), 565 cc. of distilled water and 188 g. of concentrated 
hydrochloric acid (sp. gr. 1.19). The mixture is boiled over a 
free flame with continual stirring (Note 1) until all the solid is in 
solution; this requires two and one-half to three hours. A 
second quantity of 188 g. of o-sulfobenzoic imide is then added, 
and the mixture again heated with stirring until a clear solution 
results, which requires one and one-half to two hours. Heating 
is then continued for one hour longer, whereupon the solution 
is poured into a crock and allowed to cool. The crystals which 
separate are collected on a suction funnel, washed as free from 
hydrochloric acid as possible (Note" 2) with ice-cold distilled 
water, and dried. The mother liquor and washings are con- 
centrated on a steam bath under reduced pressure until the 
separation of crystals causes bumping, when the solution is 
again allowed to crystallize. This procedure is repeated, the 
final mother liquor being evaporated nearly to dryness. The 
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main product, together with that from the mother liquors, 
weighs 410-427 g. (91-05 per cent of the theoretical amount) 
and is sufficiently pure for conversion into o-sulfobenzoic anhy- 
dride. In order to obtain a purer product the material may be 
recrystallized from an equal weight of distilled water; the yield 
on recrystallizing is about 90 per cent. 

2. Notes 

1 . The mixture tends to foam somewhat during the first few 
minutes of boiling. 

2. If much hydrochloric acid is allowed to remain with the 
crystals, drying is extremely difficult. 

3. Methods of Preparation 

Acid ammonium o-sulfobenzoate has been prepared by the 
hydrolysis of saccharin with concentrated hydrochloric acid. 1 
The above method is a modification of that of White and Acree. 3 

1 Fahlberg and Barge, Ber. 22, 75s (i88g); Remsen and Linn, Am. Chem. J. 11 
74 (1889). 

1 White and Acree, J. Am. Chem. Soc. 41, 1197 (1919). 



II 

^/-ALANINE 

CH3CHO + NH4CI + NaCN -> CH3CHNH2CN + NaCl + H 2 

CH 3 CHNH 2 CN + 2H2O + 2HCI -> 

CH 3 CH(NH 3 C1)C0 2 H + NH4CI 

2CH 3 CH(NH S C1)C0 2 H + Pb(OH) 2 -> 

2CH a CHNH 2 C0 2 H + PbCl 2 + 2H2O 

Submitted by E. C. Keitoail and B . F. McKfnzie. 
Checked by C. S. Marvel and W. W. Moyee. 

1. Procedure 

One hundred and thirty-two grams (3 moles) of freshly dis- 
tilled acetaldehyde (Note 1) is added to 100 cc. of ether in a 
2-I. bottle and cooled to 5° in an ice bath (Note 2). One hundred 
and eighty grams (3.4 moles) of ammonium chloride dissolved in 
550 cc. of water is then added, followed by an ice-cold solution 
of 150 g. (3 moles) of sodium cyanide in 400 cc. of water. The 
sodium cyanide must be added slowly and with frequent cooling 
to prevent loss of acetaldehyde by volatilization. 

After the sodium cyanide solution is added, the m bottle is 
stoppered securely, placed in a mechanical shaker, and shaken 
for four hours at room temperature. At the end of this time the 
solution is transferred to a 3-L distilling flask and 600 cc. of con- 
centrated hydrochloric acid (sp. gr. 1.19) is added (Note 3). 

The solution in the flask is distilled over a free flame until 
separation of salt prevents further heating. It is then trans- 
ferred to a large evaporating dish, placed on a steam-bath and 
evaporated to dryness (Note 4). 

The residue remaining in the dish after evaporation is stirred 
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thoroughly with 800 cc. of 95 per cent alcohol. After filtration 
the alcohol is distilled on a steam bath and the last traces are 
removed under vacuum. While still warm the residue is dis- 
solved in 500 cc. of 95 per cent alcohol containing 2 per cent of 
hydrochloric acid, and cooled. Two hundred cubic centimeters 
of ether is added, and the solution is filtered. This treatment 
should remove all but the last traces of sodium chloride and 
ammonium chloride. The alcohol and ether are removed by 
distillation and the last of the free hydrochloric acid is removed 
by distillation under diminished pressure. 

The alanine hydrochloride remaining in the flask is dissolved 
in 1500 cc. of water, and transferred to a metal pail of about 
2-1. capacity. Two hundred and twenty grams of yellow lead 
oxide is added and the mixture is boiled gently for one hour'. 
During the boiling small amounts of water are added at intervals 
in order to maintain the original volume (Note 5). Upon cool- 
ing, the lead chloride crystallizes; it is filtered off and the solution 
is again boiled one hour with 100 g. of lead oxide. Twenty grams 
of freshly precipitated lead hydroxide is added slowly and the 
boiling is continued for ten minutes. Following this the solution 
is again cooled and filtered (Note 6). The chloride content 
should now be not more than 50-75 cc. of a normal solution 
(Note 7). 

The solution is again brought to a boil and a calculated 
amount of silver oxide (Note 7) is added to remove the last of 
the chlorides. The silver chloride is filtered off and the lead 
is precipitated with hydrogen sulfide. A light straw-colored 
solution remains. 

The solution is evaporated by boiling to a volume of about 
400 cc, and 600 cc. of 95 per cent alcohol is added. When 
thoroughly cooled, 100-120 g. of alanine is filtered off. This is 
washed with 200 cc. of alcohol and a pure white product is 
obtained. 

A further crop of 40-50 g. may be obtained by removing the 
alcohol and water until a volume of about 100 cc. remains, and 
then adding 250 cc. of alcohol and cooling to o°. The total 
yield is 140-160 g. (52-60 per cent of the theoretical amount). 
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Alanine so prepared is sufficiently pure for most purposes. 
It may be recrystallized by dissolving in the least amount of 
water and adding two volumes of alcohol. 



2. Notes 

i. Acetaldehyde may be conveniently prepared by distilling 
from paraldehyde in the presence of a trace of sulfuric acid; an 
efficient fractionating column should be used. 

2. A one-half-gallon ginger-ale bottle is convenient for this 
purpose. The necks of these bottles are small and will hold a 
wire securely. 

3. Caution must be observed during the addition of the 
hydrochloric acid as considerable hydrogen cyanide is evolved. 
During the first part of the subsequent distillation it is necessary 
to prevent fumes from escaping from the receiver into the room. 

4. During the evaporation a layer of crystals forms on the 
surface and must be continually broken. A blast of air blowing 
over the surface agitates the liquid sufficiently and allows free 
evaporation. 

5. The volume of the solution must be kept large during the 
treatment with lead oxide as lead chloride will not crystallize - 
from concentrated alanine solutions. 

6. If the solution at this point still contains ammonium salts 
another treatment with 100 g. of lead oxide is necessary. 

7. An aliquot portion of the solution is titrated with silver 
nitrate by the Volhard method. The result of this titration is 
used in calculating the amount of silver oxide which must be 
added. 

3. Methods of Preparation 

eW-Alanine has been prepared by heating ethyl «-chloro- 
propionate with concentrated aqueous ammonia at 100°; 1 by 
warming a-bromopropionic acid with alcoholic ammonia; 2 by 

'H. Kolbe, Ann. 113, 221 (i860). 
^Kekule, Ann. 130, 18 (1864). 
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reducing a-oximinopropionic acid with zinc in hydrochloric acid ; 3 
by reduction of ^/-serine with hydriodic acid and red phos- 
phorus; 4 by heating cysteine hydrochloride to 140-150 ; 5 and 
by heating hydropyruvinureide with aqueous barium hydroxide. 6 
Strecker 7 first synthesized alanine by the action of hydro- 
cyanic acid on aldehyde ammonia. The present procedure is 
based on Zelinsky's modification of the Strecker synthesis. 8 

J Gutknecht, Ber. 13, 1118 (1880). 

' Fischer and Leuchs, Chem. Zentr. 1902 I, 762. 

' Momer, Z. physiol. Chem. 42, 360 (1909). 

• Gabriel, Ann. 348, 70 (1906). 

' Slrecker, Ann. 7S, 29 (1850). 

8 Zelinsky, Stadnikow, Ber. 41, 2061 (1908). 



Ill 

AMMONIUM SALT OF AURIN TRICARBOXYLIC ACID 

3 o-HOC 8 H 4 C0 2 H + CH 2 + 4NaN0 3 + 4H2SO4 -» 

0=C a H 3 (C02H)=C(C 6 H3(OH)C0 2 H)2 

+ 4 N0 + 4 NaHS0 4 + 5 H 2 

Submitted by G. B. Heisic and W. M. Lauer. 
Checked by H. T. Clarke and koss Phillips. 

1. Procedure 

To 70 cc. of concentrated sulfuric acid (Note 1) in a i-l. 
short-neck flask fitted with a mechanical stirrer and immersed in 
an ice-water bath is added, with vigorous stirring, 10 g. (0.145 
moles) of solid sodium nitrite in small portions. The addition is 
made at such a rate that only a very small amount of nitrogen 
oxide is evolved. When solution is complete, 20 g. (0.145 
moles) of salicylic acid is added in small portions with stirring; 
about fifteen minutes is required. The mixture is stirred at 
20° until all the solid is in solution (Note 2). The mixture 
should then be light red to brown in color, very viscous, and 
quite homogeneous. It is surrounded by an ice-salt bath 
and when the temperature reaches 0°, 5 cc. (0.065 mole) of a 
35-40 per cent solution of formaldehyde (formalin) is slowly 
added with extremely vigorous stirring, at such a rate that the 
temperature does not rise above 5° (Note 3). The reaction is 
complete a few minutes after all the formaldehyde has been 
added. About 100 g. of finely crushed ice is then added, fol- 
lowed by 500 cc. of ice-water; the stirring should be vigorous 
during the addition (Note 4). The contents of the flask are 
stirred until the aurin tricarboxylic acid has disintegrated into 
small pieces. The solid is washed several times by decantation, 
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using cold water, and finally filtered with suction. It is then 
dissolved in dilute ammonia (i volume of concentrated ammonia 
with 2 volumes of water) while it is still on the filter paper in the 
suction funnel (Note 5). The nitrate is evaporated to dryness 
on a steam bath. The resulting glassy, light yellowish-brown 
ammonium salt, which weighs 19-22 g. (83-96 per cent of the 
theoretical amount) is sufficiently pure (Note 6) for use as a 
test for aluminium. 

2. Notes 

1. The reaction may be carried out somewhat less satis- 
factorily with the use of 55 cc. of sulfuric acid. 

2. If solution is not complete, unchanged salicylic acid will 
be present in the final product. 

3. If the stirring is quite violent, the temperature may be 
allowed to rise somewhat higher, say to 15-20 , but if the tem- 
perature is allowed to rise with only moderate stirring, the yield 
is lowered owing to the formation of tars. 

4. Foaming may occur during the addition of the water but 
this can be controlled by adding a few drops of ether. 

5. The purification of the crude aurin tricarboxyTc acid by 
extracting with hot water 1 is undesirable, for the hot water 
causes the acid to soften, and results in the formation of large 
viscous semi-liquid masses which cannot be filtered readily. 

6. The method suggested by Caro 2 for the purification of 
aurin tricarboxylic acid seems to be unnecessary when the dye 
is to be used as a test for aluminium. In this niethod the crude 
product is dissolved in sodium hydroxide, sodium bisulphite is 
added until the solution is decolorized, and the addition com- 
pound of the free acid is precipitated by adding, hydrochloric 
acid. 

3. Methods of Preparation 

The preparation of aurin tricarboxylic acid was first described 
in a patent 3 granted to Geigy, in which the foregoing method is 

1 Hammett and Sottery, J Am. Chem. Soc. 47, 142 (1925). 

2 Caro, Eer. 25, 939 (1892). 

s Geigy, Ger. Pat. 4gg7o, Frdl. 2, 50 (iSgi). 
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embodied in one of the examples; another method, involving 
the action of sodium nitrite upon a warm solution of salicylic 
acid in a mixture of methyl alcohol and sulfuric acid, is also 
described in the same patent. It has also been prepared 4 by 
the action of sulfuric acid and nitrite upon a mixture of salicylic 
acid and 3.3'-dicarboxy-44'-dihydroxydiphenylmethane ("meth- 
ylene disalicylic acid"), which is formed from salicylic acid with 
formaldehyde in presence of hydrochloric acid. 

Aurin tricarboxylic acid is of interest as a reagent for detect- 
ing aluminium. 5 

'Cak, fier. 25, M g (ifiga). 

6 Hammett and Sottery, J. Am. Chem. Soc. 47, 142 (1925). 



IV 

ANISOLE 

C fi H 5 OH + NaOH -► C e H 5 ONa -f H 2 

aCoHsONa + (CH 3 ) 2 S0 4 -> 2 C H 5 OCH 3 + Na 2 S0 4 

Submitted by G. S. Hiers and F. D. Hager. 

Checked by Henry Gilman, S. A. Harris, and G Wright. 

1. Procedure 

In a 5-I. two-neck round-bottom flask fitted with an efficieni 
stirrer, separatory funnel, and reflux condenser is placed a mix- 
ture of 235 g. (2.5 moles) of phenol and 100 g. (2.5 moles) of 
sodium hydroxide (Note 1) in 1 1. of water. The mixture is 
cooled, with stirring, in an ice-salt bath to below io°. There is 
then added through the separatory funnel 315 g. (2.5 moles) of 
dimethyl sulfate (Note 2). This addition requires about one 
hour and the cooling bath is not removed until the addition is 
complete. The mixture is then heated on a water bath for half 
an hour. At the end of this time there is added through the 
separatory funnel a mixture of 235 g. (2.5 moles) of phenol and 
100 g. (2.5 moles) of sodium hydroxide in 1 I. of water. This 
addition requires about fifteen minutes. The mixture is then 
refluxed vigorously over a free flame for fifteen hours (Note 3) . 

The mixture is cooled and the anisole layer is separated. The 
aqueous portion is extracted with about 200 cc. of benzene 
(Note 4) . The combined anisole-benzene portion is washed once 
with water, dried over calcium chloride and distilled from a 
modified Claisen flask (Org. Syn. 1, 40). The portion boiling at 
100-153 is refractionated. The main fraction distills at 153- 
r54°/748 mm. The yield is 388-405 g. (72-75 per cent of the 
theoretical amount) (Notes 5 and 6). 



ANISOLE 13 



2. Notes 



i. The sodium hydroxide was a high quality technical grade. 

2. Dimethyl sulfate is toxic, but with due care to avoid 
spattering of the liquid and inhaling of the vapor the operation 
may be carried out without the use of a hood. A good technical 
grade of dimethyl sulfate was used. 

3. When the. period of refluxing is shorter, the yield is materi- 
ally decreased. The first methyl group reacts easily but the 
second only with considerable difficulty. A longer period of 
refluxing does not give much larger yields. As the sodium sulfate 
concentration increases, the dimethyl sulfate hydrolyzes less 
readily. 

4. A separate fractional distillation of this benzene extract 
yields 9-18 g. of anisole. The major part of the anisole contained 
in the aqueous layer may be recovered by steam distillation 
instead of a benzene extraction. Neither method of recovery is 
wholly satisfactory. 

5. When only one half the amount of phenol is used, the yield 
is 85-92 per cent but with fairly inexpensive phenol it is more 
profitable to operate in such a manner that both methyl groups 
of the dimethyl sulfate are used. 

6. Other methyl ethers may be prepared by a similar pro- 
cedure. /3-Naphthyl methyl ether is obtained in a 65-73 per cent 
yield by adding the dimethyl sulfate over a period of thirty 
minutes to equivalent quantities of /3-naphthol and sodium 
hydroxide kept cool by an ice-water bath, then heating for one 
hour at 75—78°, and, finally, crystallizing from benzene to obtain 
the pure methyl ether which melts at 71°. 

3. Methods of Preparation 

Anisole has been prepared by a variety of other methods, the 
most important being: from sodium or potassium phenolate and 
methyl iodide; 1 from sodium phenolate and methyl chloride; 2 

'Cahours, Ann. 78, 225 (1851); SegaUer, J. Chem. Soc. 105, 113 (1914). 
2 Vincent, Bull. soc. chim. (2) 40, 106 (1883). 
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from potassium phenolate and sodium methyl sulfonate; 3 from 
benzene diazonium nitrate and methyl alcohol; 4 sodium benzene 
sulfonate and sodium methylate; 5 phenol and methyl alcohol in 
the presence of thorium oxide; 6 from phenol, methyl alcohol and 
^-naphthalene sulfonic acid 7 or potassium hydrogen sulfate; 8 
and by the methylation of phenol with dimethyl sulfate or 
methyl ethyl sulfate.' 

'Nollau and Daniels, J. Am. Chem. Soc. 36 1890(1914). 
' Beeson, Amer. Chem. J. 16, 235 (1894). 
•Moureu, Bull. soc. chlm. (3) 19, 399 (i8g8). 
'Sabatier and Mailhe, Compt. rend. 151, 359 (1910). 

7 Krafft and Roos, Ger. pat. 76, 574, Frdl. IV, 17. 

8 Actiengesellschaft fiir anilinfabrikation in Berlin, Ger. pat. 23, 775, Frdl. I, 43. 
•Thayer, J. Am. Chem. Soc. 46, 1046 (1924). 



BENZOYL PIPERIDINE 

CsH 5 N +_6[H] -> C 5 HuN 

CsHnN + C 6 H 5 C0C1 + NaOH -» 

C 5 H 10 NCOC 6 H 5 + NaCl + H 2 

Submitted by C. S. Marvel and W. A. Lazier. 

Checked by J. B. Conant, J. S. Andrews, and C. O. Tongburg. 

1. Procedure 

In a 5-I. two-neck round-bottom flask, fitted with an efficient 
reflux condenser (Note 1), is placed a mixture of 130 g. (1.64 moles) 
of dry pyridine (Note 2) and 3 1. of absolute alcohol. During 
the course of forty to fifty minutes 450 g. (19.6 moles) of sodium 
is added gradually. The sodium is added in as large pieces as 
can be inserted through the second opening in the flask. One 
and one-half liters of absolute alcohol is now added and the 
mixture heated over an oil bath for two to three hours until the 
sodium disappears. It is desirable not to allow the reaction 
mixture to cool (Note 3) at this point but to separate the piper- 
idine immediately. The condenser is set for distillation and a 
separatory funnel is inserted through the stopper in the second 
opening of the flask. The alcohol is then distilled using an oil 
bath (Note 4). The addition of a piece of zinc facilitates an 
even distillation. During this procedure, water to the amount 
of 1700-1800 cc. is added to the reaction mixture through the 
separatory funnel, slowly at first and later as rapidly as possible. 
At the beginning, this addition must be very cautious as the heat 
evolved causes a very rapid distillation of alcohol. After about 
200 cc. of water has been add ad the mixture begins to solidify 
and remains semi-solid until most of the water has been added. 
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The distillation is continued until practically all the alcohol has 
distilled (three to four hours). At the end of this time there 
remains in the distilling flask about 1500 cc. of residue, which is 
discarded. The distillate is about 5 1. in volume. To this is 
added 200 cc. of concentrated hydrochloric acid (sp. gr. 1.19) 
and the mixture is then returned to the distilling flask. The 
alcohol is removed by distillation on a steam bath until the 
residual volume in the flask amounts to about 600-800 cc. ; this 
requires two to three hours. The residue is then transferred to 
a 2-1. round-bottom flask fitted with a mechanical stirrer and 
separatory funnel. The mixture is treated with stirring with 
a solution of 186 g. of technical sodium hydroxide or 170 g. 
(4.25 moles) of c. p. sodium hydroxide in about 300 cc. of water. 
With continuous stirring 235 g. (1.67 moles) of benzoyl chloride 
is now added during the course of an hour, keeping the tempera- 
ture down by cooling with running water. After the addition, 
the reaction mixture is cooled, the amide separated (Note 5), 
washed with a little water (Note 6) and distilled (Note 7) under 
reduced pressure. The product boils at i8o-i84°/20 mm., 
igi-i94°/27 mm., 24o-244°/r3o mm., and weighs 240-250 g. 
(77-81 per cent of the theoretical amount). 

Benzoyl piperidine thus obtained is a straw-colored viscous 
liquid. Upon long standing .oj seeding with crystalline benzoyl 
piperidine, the compound crystallizes in' long, colorless needles 
which melt at 44 . The literature reports 48 ° as the melting 
point of the pure material. 

Using 180 g. of pyridine in place of the i3o g. suggested, and 
a corresponding increase in the other chemicals except the sodium 
and alcohol, a yield of 300-326 g. of benzoyl piperidine is obtained. 
This is a smaller percentage yield (70-75 per cent of the theoret- 
ical amount) but the actual yield more than repays for the 
excess of pyridine used (see also Note 8). 

2. Notes 

1. A reflux condenser 8fi cr< Tfeftj with inner tube 2 cm. in 
diameter is recommenced If tt smittei condenser is employed, 
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the reaction cannot be run as rapidly as is desirable to give the 
best results. If the reaction is not run rapidly sodium ethylate 
separates in the flask. 

2. Unless the purity of the pyridine is known, it should be 
dried with solid sodium hydroxide and distilled before use. For 
this work a fraction boiling at 112-117 was used. 

3. If the alcohol solution is allowed to cool before the addition 
of the water, it solidifies and is remelted only with difficulty. 
If it is desired to suspend the process, the water should be added 
first and then the solution will not solidify. 

4. In distilling the piperidine from the strong alkaline solu- 
tion, the flask must be suspended in the oil bath. Direct heating 
raises the temperature of flask to such a point that the alkali 
rapidly eats through it. 

5. A troublesome emulsion sometimes results after benzoyla- 
tion. This may be broken up usually by the addition of more 
strong sodium hydroxide solution. In case an emulsion is formed 
which cannot be broken it is possible to extract the product with 
benzene. 

6. Any sodium hydroxide carried into the distilling flask causes 
decomposition of the benzoyl piperidine during distillation and 
consequendy a considerably lower yield results. For this reason 
it is well to wash the product carefully in the separatory funnel 
with a little water after the alkaline solution has been drawn off. 

7. Benzoyl piperidine is much given to superheating, making 
distillation difficult. 

8. If piperidine is available, benzoyl piperidine for use in the 
preparation of pentamethylene bromide (p. 70) may be pre- 
pared by direct benzoylation. A mixture of 105 g. of sodium 
hydroxide (2.6 moles), 170 g. of piperidine (2.0 moles) (b. p. 104- 
108°) and 800 cc. of water are treated with 280 g. (2 moles) of 
benzoyl chloride using the apparatus and procedure described 
above; the temperature is kept at 35-40°. The oily product is 
separated after dilution with 250 cc. of benzene if necessary 
(Note 5), dried with a small quantity of potassium carbonate and 
distilled. The portion boiling at 17 2-17 4 '/ '12 mm. weighs 330- 
345 g. (87-91 per cent of the theoretical amount). The first few 
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cubic centimeters of the distillate may be colored by a reddish 
impurity in which case a fore-run is collected separately. 



3. Methods of Preparation 

Benzoyl piperidine has been prepared only by the action of 
benzoyl chloride on piperidine in the presence of alkalies. 1 

1 Cahours, Ann. chim. phys. (3) 88, 87 (1853); Schotten, Ber. 17, 2545 (1884); 
21, 2238 (1888). 



VI 
2&-BR0M0PHENACYL BROMIDE 

BrCaH^COCHa + Br 2 -> BrCflHdCOCH 2 Br + HBr 

Submitted by W. D. Langley 

Checked by H. T. Clarke and P. W. Boutwell. 

1. Procedure 

In a 500-cc. flask are placed 50 g. (0.25 mole) of />-bromoaceto- 
phenone (Org. Syn. 5, 17) and 100 cc. of glacial acetic acid. To 
the resulting solution is very slowly added 40 g. (0.25 mole) of 
bromine, keeping the temperature below 20°. The mixture is 
vigorously shaken by hand during the addition. />-Bromo- 
phenacyl bromide begins to separate as needles when about one- 
half of the bromine has been added. The addition requires 
about thirty minutes. 

When all the bromine has been added, the flask is cooled in 
ice-water and the product filtered with suction. The crude 
crystals are washed with 50 per cent ethyl alcohol until color- 
less (about ico cc. is required). The material so obtained, 
when air-dried, melts at 106-108° and weighs 55-60 g. It is 
recrystallized from 400 cc. of 05 per cent ethyl alcohol, from 
which it separates as colorless needles melting at 108-109 . The 
yield (Note 1) is 48-50 g. (69-72 per cent of the theoretical 
amount). 

2. Notes 

1. A further quantity of less pure material may be obtained 
from the mother liquor from the recrystallization. If the acetic 
acid mother liquor is treated with water until turbid and then 
chilled, 4-5 g. of yellow crystals may be obtained. The material 
recovered from both liquors (6-8 g. in all) cannot be obtained 
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in a perfectly colorless condition but the melting point is correct 
after recrystallization from alcohol. 

2. Judefind and Reid 1 have shown that many acids may be 
identified by conversion into their /i-bromophenacyl esters by 
the action of j>-bromophenacyl bromide on the sodium salts. 

3. Methods of Preparation 

^-Bromophenacyl bromide has been prepared by the inter- 
action of bromobenzene and bromoacetyl chloride in the presence 
of aluminum chloride 2 and by the bromination of ^-bromo- 
acetophenone. 1, 3 

1 Judefind and Reid, J. Am. Chem. Soc. 42, 1045 (1920). 
1 Collet, Compt. rend. 125, 717 (1897). 
3 Collet, Bull. soc. chim. (3) 21, 67 (i8gg). 



VII 
o-BROMOTOLTIENE 
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Submitted by L. A. Jjigelow. 

Checked by C. S. Marvel and S. V. Puntambeker. 



1. Procedure 

A solution of 162 g. (1.5 moles) of commercial o-toluidine in 
880 cc. (6 moles) of 40 per cent commercial hydrobromic acid 
(Note 1) in a 3-I. flask is cooled to io° and diazotized with 116 g. 
(1.7 moles) of coarsely powdered commercial sodium nitrite, 
added about 10 g. at a time. After each addition the flask is 
stoppered and shaken until all the red fumes are absorbed. The 
temperature must be kept below 10°. When diazotization is 
complete, 5 g. of copper powder (Note 2) is added, the flask is 
attached to a reflux condenser and heated very cautiously. As 
soon as the first sign of reaction is observed, the flask is cooled 
with ice. Nitrogen is evolved vigorously. When the reaction 
subsides, the mixture is heated half an hour on the steam bath. 
Then 1 1. of water is added and the mixture is distilled with 
steam until about 1.5 1. has passed over. The distillate is made 
alkaline with about 10 g. of powdered sodium hydroxide and the 
red bottom layer of crude o-bromotoluene separated (Note 3). 
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This weighs about 140 g. It is washed with concentrated sul- 
furic acid, which removes almost all the color, and then twice 
with water. It is dried over a little calcium chloride, filtered 
and distilled twice from a modified Claisen flask (Org. Syn. 1, 
40). The yield of pure product boiling at 1 78-181 ° is 1 10-120 g. 
(42-47 per cent of the theoretical amount). 

2. Notes 

1. If 48 per cent (constant boiling) hydrobromic acid is used 
the diazotization is very difficult to control. The reaction 
becomes very vigorous and forces out the stopper. 

2. Either reduced copper or fine copper filings may be used. 

3. This gives as good results as when the o-bromo toluene is 
extracted from the alkaline mixture with ether. 

3. Methods of Preparation 

o-Bromotoluene has been obtained by the bromination of 
toluene; * by the bromination of potassium p-to\uene sulfonate 
and subsequent hydrolysis; 2 and by diazotization of o-toluidine 
under different conditions. 3 

1 Jannasch and Hiihner, Ann. 170, 117 (1873). 

2 Miller, J. Chem. Soc. 61, 1027 (1852). 

'Wroblevsky, Ann. 168, 171 (1873); Koerner, Gazz. chim. ital. 4, 305 (1874); 
Jackson, Am. Chem. J. 1, 100 (i87g); Feitler, Z. physik. Chem. 4, 72 (1889). 



VIII 
«-BUTYL CARBAMATE 

NH 2 C0NH 2 -> NH 3 4- HNCO 
HNCO + C4H9OH -* NH2CO2C4H9 

Submitted by Tenney L. Davis and Stant.f.y C. Lane. 
Checked by H. T. Clarke and L. G. S. Brooker. 

1. Procedure 

In a 2-1. round-bottom flask fitted with a reflux condenser is 
placed 1200 cc. (970 g. ; 13. 1 moles) of «-butyl alcohol. This is 
warmed and 180 g. (3 moles) of urea is added to the warm liquid 
in small portions, with shaking, while the temperature rises, care 
must be taken that the urea goes into solution without melting and 
does not form a layer of molten urea beneath the solution 
(Note 1). The last portions of the urea are finally dissolved by 
boiling the liquid. The solution is then refluxed for thirty hours 
(Note 2), during which time ammonia escapes from the top of 
the condenser (Note 3). The reflux condenser is then removed 
and the liquid is distilled through an efficient column until the 
temperature of the liquid reaches 150 . The distillate consists 
of butyl alcohol containing ammonia and may be used directly 
in another run. The material which remains in the flask solidi- 
fies on cooling. It is boiled with 1 1. of ligroin (b. p. 60-90") 
(Note 4), filtered, and the undissolved solid again boiled with 
two ioo-cc. portions of ligroin, filtered and finally washed on the 
filter with 100 cc. more of warm ligroin. The white gritty 
material which remains undissolved is practically pure cyanuric 
acid (Note 5). The yield of cyanuric acid is 12-18 g. (9-14 
per cent of the theoretical amount) . 

24 
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The combined ligroin filtrates and washings are distilled under 
atmospheric pressure, using a column, until the temperature of 
the liquid reaches 150°. The residue is then distilled under 
reduced pressure and the fraction boiling at 108-109°/ 14 mm. 
(Note 6) is collected. The product is pure and melts at 53-54°. 
The yield is 263-266 g. (75-76 per cent of the theoretical amount.) 



2. Notes 

1. If molten urea settles to the bottom near the source of heat, 
it will cause the liquid to bump and will decompose to produce 
cyanuric acid to the detriment of the yield of butyl car- 
bamate. 

2. If thirty hours of continuous heating is impracticable, care 
must be taken, on resuming the heating, that the urea goes into 
solution without melting. 

3. A small amount of ammonium carbamate collects in the 
condenser during the reaction and may cause clogging. This 
should be removed from tune to time by pushing it down by 
means of a glass tube which fits snugly into the condenser. The 
gases evolved when the solid falls into the hot liquid are carried 
off through the tube. 

4. "Aviation" gasoline (86° Baume) may also be employed 
if it is first distilled and the fraction boiling above 120 
rejected. 

5. The extraction with ligroin may be completed satisfac- 
torily by means of the apparatus described in Org. Syn. 2, 48 
(1922). Butyl allophanate is not soluble in ligroin and, if 
present, would remain with the cyanuric acid. However, when 
the material which is insoluble in ligroin is washed with hot 
acetone the washings yield no appreciable residue on evaporation. 
This is evidence that butyl allophanate and urea are not present 
in the cyanuric acid. 

6. «-Butyl carbamate boils under atmospheric pressure at 
203-204° with some decomposition. The products of the decom- 
position are butyl alcohol and cyanuric acid. 
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3. Methods of Preparation 

No reference to the preparation of »-butyl carbamate is to be 
found in the literature. The above process is adapted from that 
of Cahours, 1 who prepared »-propyl carbamate by heating 
propyl alcohol with urea. «-Butyl carbamate has also been 
prepared by one of the editors by the action of w-butyl chloro- 
formate upon ammonia. 

•Cahours, Compt. rend. 76, 1387 (1873). 



IX 

«-BUTYL /.-TOLUENESULFONATE 

p-CHaGsrUSOaCl + «C 4 H 9 OH + NaOH -» 

P-CH3C6H4SO2OC4H9 + NaCl+H a O 

Submitted by A. T. Roos, IIenrv Giiman, and N. J. Beaber. 
Checked by H. T. Clarke and G. S. Babcock. 

1. Procedure 

In a 2-1., three-neck flask, fitted with a mechanical stirrer, a 
thermometer, and a 250-cc. separatory funnel, are placed 148 g. 
(2 moles) of »-butyI alcohol and 210 g. (1.1 moles) of pure 
/>-toluenesulfochloride (Note 1). From the separatory funnel 
320 cc. (1.6 moles) of 5 n sodium hydroxide is run in at a rate 
that does not cause the temperature of the reaction mixture to 
exceed 15 (Note 2); the addition requires three to four hours. 

Another portion of 210 g. (1.1 moles) of />-toluenesulfo- 
chloride is added and then 320 cc. of 5 N sodium hydroxide solu- 
tion is slowly introduced, again keeping the temperature below 
15°. Stirring is continued for four hours longer, and the oily 
layer is separated from the water layer and any unchanged 
^-toluenesulfochloride. Enough petroleum ether (b. p. 60-70°) 
or benzene is added to the oil to cause it to float on water, the 
solution is washed thoroughly with 50 cc. of 10 per cent sodium 
hydroxide, and dried by standing overnight over 20 g. of anhy- 
drous potassium carbonate. The solution is filtered, and the 
solvent is distilled. This is conveniently accomplished by adding 
the solution from a separatory funnel to a 500-cc. Claisen flask 
heated on a steam bath. The oily ester is then distilled in a 
vacuum (Note 3) and, after a forerun that comes over up to 
i7o°/io mm., the pure ester distils at i7o-i7i°/io mm. The 
yield is 250-270 g. (50-54 per cent of the theoretical amount). 

2& 
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2. Notes 

r. Technical />-toluenesulfochloride is dissolved in benzene, 
washed with 5 per cent sodium hydroxide, dried by shaking with 
a small amount of potassium carbonate, and then distilled in a 
vacuum. If the vacuum distillation must be interrupted, it is 
recommended that the liquid be allowed to cool before breaking 
the vacuum; otherwise, when distillation is resumed later, con- 
siderable decomposition takes place. 

2. The cooling may be effected conveniently by immersing 
the flask in a water bath containing a small amount of ice, or by 
cold running water. If the bath is cooled to 0°, the time required 
for the completion of the reaction is appreciably longer. 

3. It is best to distil the ester under a very high vacuum. 
Appreciable decomposition takes place even at ip-mm. pressure, 
and the distilled ester becomes quite dark after standing a week. 
To avoid superheating and consequent decomposition, it is 
recommended that the ester be distilled in small lots (from 250-cc. 
Claisen flasks when large runs are made). A sample of 100 g. 
distilled at i32-r33°/3 mm. remained water-white after standing 
for two months. 

4. Methyl ^-toluenesulfonate may be prepared in a some- 
what similar manner with good yields. One kilo of methyl 
alcohol (90-95 per cent) is placed in a round-bottom flask, placed 
in an ice-salt bath. One kilo of powdered pure />-toluenesulfo- 
chloride (crude material may be used but the yield of product 
drops to about 75 per cent) is added with mechanical stirring. 
Irom a separatory funnel 840 g. of 25 per cent sodium hydroxide 
solution is added drop by drop. The temperature must be held 
at about 23-27 for the best results. When all this alkaline 
solution is added the reaction mixture is tested with litmus; if 
not alkaline, more alkali is added until the neutral point is 
reached. Upon standing several hours the ester sinks and the 
alcohol forms the top layer. The alcohol may be siphoned off 
and used in subsequent experiments, the methyl p-toluene- 
sulfonate is washed with water to remove a little salt and then with 
5 per cent hydrochloric acid to dissolve the iron. Finally it is 
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washed with 5 per cent sodium carbonate and water. The ester 
is then distilled and boils at i6i°/io mm. (m. p. 27-28°). The 
yield is 90 per cent. 

The spent alcohol is distilled from a steam bath, and alcohol 
of 84-91 per cent purity is obtained which is suitable for subse- 
quent runs. 

3. Methods of Preparation 

Other alkyl esters of arylsulfonic acids have been prepared by 
this general method. 1 The n-butyl ester has been prepared by 
treating an ethereal solution of p-toluenesulfochloride and butyl 
alcohol with powdered potassium hydroxide, 2 and by refluxing 
the acid chloride with a 10 per cent excess of alcohol. 2 

1 Krafft and Roos, Ber. 25, 225J (1802); Foldi, Ber. 53, 1836 (1920); Izmailski 
and Razorenov, J. Russ. Phys. Chem. Soc. 52, 359 (1920), [C. A, 18, 1481 (1924)]. 
s GUman and Beaber, J. Am. Chem. Soc. 47, 51S (1925). 



X 
n-BUTYRYL CHLORIDE 

CH3(CH 2 ) 2 C0 2 H + SOCl 2 -* CH 3 (CH 2 )2C0C1 + HC1 + S0 2 

Submitted by B. Helferich and W. Schafjer. 
Checked by Henry Gilman and S. A. Harris. 

1. Procedure 

In a 125-cc. distilling flask, provided with a water-cooled side 
arm to act as reflux condenser (Note i), is placed 56 g. (0.47 mole) 
of thionyl chloride (Note 2) . This is heated on a water-bath and 
to it is added during the course of an hour 35.2 g. (0.4 mole) of 
«-butyric acid (Note 3) by means of a separatory funnel attached 
to the neck of the flask. The evolved gases are absorbed in 
water. 

When all the acid has been added, the mixture is heated for 
one-half hour on the water bath and then distilled directly from 
an oil bath into a second distilling flask. The crude acid chloride 
thus obtained boils between 70-1 io°; it is purified by distillation 
through a column and boils almost entirely at ioo-ioi , only a 
few drops of forerun being obtained. The yield is 36 g. (85 per 
cent of the theoretical amount) . 

2. Notes 

1. If a Claisen distilling flask is used for the preparation of 
the acid chloride the side-arm is plugged; the short neck holds 
the reflux condenser, and the long neck the separatory funnel. 

2. The yield is influenced by the purity of the thionyl chloride; 
the results reported above were obtained with a pure product 
which boiled over a two-degree range. 

32 
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3. The presence of traces of water in the butyric acid is of no 
disadvantage if a correspondingly larger quantity (1 mole for 
1 mole of water) of thionyl chloride is used. 

3. Methods of Preparation 

«-Butyryl chloride has been prepared from w-butyric acid and 
phosphorus trichloride. 1 

'Burcker, Ann. chim. phys. (5) 2ti, 468 (1882). 



XI 
o-CHLOROBENZOYL CHLORIDE 

o-ClCeH^CHO + Cl 2 -» o-C1C 6 H 4 COC1 +■ HC1 

Submitted by H. T. Clarke and E. R. Taylor. 
Checked by F. C. Whitmoke and H. H. Rowley. 

1. Procedure 

In a 3-]. round-bottom flask, fitted with a thermometer, a 
reflux condenser, and an inlet tube extending nearly to the bot- 
tom, is placed 141 g. (1 mole) of freshly distilled o-chlorobenzal- 
dehyde (Note 1). To the upper end of the condenser is attached 
a tube leading to a flask containing water for the absorption of 
hydrogen chloride. The reaction vessel and absorption flask 
are accurately weighed, and a current of chlorine, dried by 
sulfuric acid, is passed into the aldehyde, the temperature of 
which is maintained at 140-160 . The rate of the current of gas 
is so regulated that little or no chlorine escapes. The reaction 
and absorption flasks are removed and weighed about every three 
hours. After about fifteen hours (Note 2) the absorption of 
chlorine at 160 practically ceases. The total increase in weight 
(Note 3) amounts to 26-29 g. (75-84 per cent of the theoretical 
amount). The reaction product is distilled under reduced pres- 
sure, when the pure o-chlorobenzoyl chloride passes over at 
93-95V10 mm. or i37~i39°/6o mm,, leaving a small quantity 
of high boiling residue which appears to consist mainly of an 
intermediate compound (Note 2). The yield is 122-T26 g. 
(70-72 per cent of the theoretical amount) (Note 4). 

2. Notes 

1 . Technical 0-chlorobenzaldehyde of high purity is available. 
After one distillation under reduced pressure (b. p. 84 "/io mm., 
125Y85 mm.), it melts at 7-10°. 
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2. If the mixture be kept at 125-140 , the reaction requires 
about thirty hours for completion. When about one-half of the 
necessary amount of chlorine has been added, the reaction 
mixture, if allowed to cool, sets to a colorless mass of an addition 
compound of the aldehyde and acid chloride; this on further 
chlorination yields o-clilorobenzoyl chloride. 

3. The increase in weight is distributed between the reaction 
flask and hydrochloric acid absorption flask in the ratio of about 

45 = 55- 

4. The use of large quantities and vigorous mechanical stir- 
ring gives much better yields. Thus, a run of 2665 g, (18.9 moles) 
of the aldehyde gave a yield of 2700 g. (81 per cent of the theoreti- 
cal amount). 

3. Methods of Preparation 

The only practical methods for the preparation of o-chloro- 
benzoyl chloride to be found in the literature consist in the 
treatment of o-chlorobenzoic acid with phosphorus penta- 
chloride 1 or thionyl chloride. 2 It has, however, also been formed 
by distilling salicylic acid or its sodium salt with phosphorus 
pentachloride, 3 and by heating the dichloride of o-sulfobenzoic 
acid. 4 

1 Emmerling, Ber. 8, 883 (1875). 

2 H. Meyer, Monatsh. 22, 427 (igoi); Ftankland, Carter and Adams, J. Chem, 
Soc. 101, 2476 (1912). 

3 Chiozza, Ann. 83, 317 (1852); Kolbe and Lautemann, Ann. 115, 183 (i860); 
Reichenbach and Beilstein, Ann. 132, 311 (1864). 

<Remsen and Kohler, Amer. Chem. J. 17, 332 (1895); Fritsdi, Ber. 29, 2299 
(1896); List and Stein, Ber. 31, 1653 (1898). 



XII 
CYANOACETAMIDE 

CNCH2C0 2 C 2 H 5 + NH 3 -+ CNCH 2 CONH 2 + C 2 H 5 OH 

Submitted by B. B. Corson, R. W. Scott, and C. E. Vose. 
Checked by C. S. Marvel and L. H. Bock. 

1. Procedure 

Four hundred grams (3.5 moles) of ethyl cyanoacetate 
(Org. Syn. 3, 53; 8, 74) is poured into 300 cc. (4.5 moles) of con- 
centrated aqueous ammonia (sp. gr. 0.90) (Note 1) contained in 
a i-l. wide-mouth Erlenmeyer flask. The mixture, which is 
cloudy at first, is shaken; it then warms up a little and becomes 
clear in about three minutes. The flask is allowed to stand one 
hour in an ice-salt mixture. The product is then filtered by 
suction (Note 2) and the solid washed with two 50-cc. portions 
of ice-cold ethyl alcohol (Note 3). After drying in the air, the 
slightly yellowish, crystalline amide weighs 205-225 g. A snow- 
white product is easily obtained by crystallizing from hot alcohol 
(Notes 4 and 5). For this purpose 200 g. of amide is dissolved 
in 350 cc. (Note 6) of hot alcohol and the solution cooled; pure 
amide is deposited with practically no loss. 

An additional yield of amide is obtained by evaporating 
(Note 7) the original mother liquor to dryness in a vacuum 
while heating the flask in a boiling water bath. The damp, 
brownish residue in the flask is dissolved in 100 cc. of hot alcohol. 
The hot solution is shaken a few minutes with decolorizing char- 
coal, filtered by suction while still hot, and then cooled in ice. 
Forty-six to fifty-eight grams of yellowish amide is deposited. 
One more crystallization with charcoal yields 44-56 g. of pure 
product. 
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The total yield is 255-261 g. (86-88 per cent of the theoretical 
amount). The product melts at 119-120°. 

2. Notes 

1 . Gaseous ammonia was tried with poor success, the ammonia 
being passed into the ester (both cold and at room temperature) 
and also into an alcoholic solution of the ester. 

2. The product must be filtered rapidly while the mother 
liquor is cold because of the solubility of the amide. 

3. Cyanoacetamide may be washed with ice water but cold 
alcohol is preferable because of its lower solubility in the latter. 

4. The solubility of cyanoacetamide in 100 cc. of 95 per cent 
alcohol follows: 

1.3 g. at o° 9.5 g. at 52° 

1.7 g. at 12 14.0 g. at 62 

3.1 g. at 26 16.3 g. at 66° 

5.0 g. at 38° 18.7 g. at 69° 

7.0 g. at 44° 21.5 g. at7i° 

5. The alcoholic mother liquor from the crystallization usually 
contains a small amount of malonamide which melts at 170-17 1°. 

6. If the treatment with decolorizing charcoal is necessary, 
about 450 cc. of alcohol should be used in order to avoid crystal- 
lization during the filtration. 

7. A few cubic centimeters of an oil, presumably unchanged 
ethyl cyanoacetate, comes over with the water. 

8. This work was done with the aid of a grant from the 
Cyrus M. Warren Fund of the American Academy of Arts and 
Sciences. 

3. Methods of Preparation 

Cyanoacetamide has been prepared only by the action of 
aqueous 1 or alcoholic 2 ammonia on cyanoacetic ester. 

'Van't Hoff, Ber. 7, 1383 (1874); Henry, Bull. soc. chim. (2) 48, 656 (1887); 
Hesse, Amer. Chem. J. 18, 724 (i8g<5); Thole and Thorpe, J. Chem. Soc. 99, 429 
(rgn). 

2 Hesse, Am. Chem. J, 18, 724 (1896); Ott and Lopmann, Ber. 55, 1258 (1922). 
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XIII 
ETHYL CINNAMATE 

(C 2 H 5 ONa) 



C 6 H 6 CH=CHC0 2 CaH5 + H 2 



Submitted by C. S. Marvel and W. B. Einc. 

Checked by Henry GtLMAN, R. E. Fothekgiix, and R. E. Brown. 

1. Preparation 

In a 2-1. two-neck flask fitted with a short reflux condenser 
and mechanical stirrer (Note i) are placed 400 cc. of dry xylene 
(Note 2) and 20 g. (1.26 moles) of clean sodium (Note 3) cut in 
small pieces. The flask is surrounded by an oil-bath and heated 
until the sodium has melted. At this point the stirrer is started 
and the sodium is broken up into very small particles (Note 4). 
The oil-bath is removed but stirring is continued until the sodium 
has solidified as very fine particles. The xylene is then poured 
off, and to the sodium is added 455 cc. (4.7 moles) of absolute 
ethyl acetate (Note 5) containing 3-4 cc. of absolute ethyl 
alcohol (Note 6). The flask is quickly cooled to 0° and 106 g. 
(1 mole) of pure benzaldehyde (Note 7) is added slowly from a 
separatory funnel while the mixture is stirred. The temperature 
is held between o° and 5° (Note 8). The reaction starts as soon 
as the benzaldehyde is added, as is shown by the production of a 
reddish substance on the particles of the sodium. About one 
and a half to two hours are required for this addition. The 
stirring is continued until practically all of the sodium has 
reacted (one hour after all the aldehyde has been added). When 
most of the sodium (Note 9) has disappeared, 00-95 cc. of glacial 
acetic acid is added and the mixture is carefully diluted with 

38 



ETHYL CINNAMATE 39 

water. The ester layer is separated, the water layer is extracted 
with about 25-50 cc. of ethyl acetate, and the combined ester 
portions are washed with 300 cc. of 6 N hydrochloric acid and 
then dried with sodium sulfate. The ethyl acetate is distilled 
from a water-bath and the remaining liquid is transferred to a 
Claisen flask and distilled from an oil-bath under reduced pres- 
sure. A small fraction comes over below i28°/6 mm. and is 
discarded. The ethyl cinnamate (Note 10) boils at i28-i33°/6 
mm.; 168-173 V46 mm. The yield is 120-130 g. (68-74 per 
cent of the theoretical amount). 

2. Notes 

1. The stirrer must be very efficient in-order to powder the 
sodium without splashing it onto the walls of the flask above the 
solvent. 

2. The use of sodium powdered under xylene allows the 
reaction to be carried out much more rapidly than is the case if 
the sodium is cut into small pieces with a knife. Toluene may 
be used in place of xylene. The sodium should be as free as 
possible from oxide. 

3. To obtain the maximum yield it is necessary to use slightly 
more than one equivalent of sodium. When exactly one equiv- 
alent is used the yield is about 60 per cent of the theoretical 
amount. 

4. The powdered sodium may also be prepared by melting 
the sodium under hot xylene and shaking in a tightly stoppered 
flask wrapped in a heavy cloth. 

5. The grade of ethyl acetate used in the preparation is very 
important. The absolute ethyl acetate (99.7 per cent) sold by 
the U. S. Industrial Alcohol Company is very satisfactory. If 
this grade is not available the ordinary ester may be purified by 
washing first with sodium carbonate solution, then with saturated 
calcium chloride solution and finally drying over anhydrous 
potassium carbonate. 

6. A small amount of absolute alcohol is needed to start the 
reaction. When no alcohol is added the yields are consistently 
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55-60 per cent of the theoretical amount. When too much 
alcohol (10-15 cc.) is added the yields drop again. 

7. Technical benzaldehyde is washed with sodium carbonate 
and distilled in a vacuum before use. The material used in 
checking these directions boiled over a 3 range. 

8. The temperature should never be allowed to go above 
io c and the best yields of pure product are obtained when the 
temperature is kept within the limits mentioned in the procedure. 

9. Usually during the reaction a certain amount of sodium 
is thrown on the upper part of the flask out of the reaction mix- 
ture and forms a cake. In decomposing the mixture with glacial 
acetic acid and water care must be taken that this sodium does 
not react violently and thus cause a fire. 

10. During the distillation of the ester a reddish semi-solid 
mass sometimes appears in the flask. This mass melts down if 
the oil bath is heated to 220-230 and the distillation continues 
smoothly. 

3. Methods of Preparation 

Ethyl cinnamate occurs in small amounts in storax. 1 It has 
been prepared by the action of ethyl alcohol on cinnamic acid in 
the presence of dry hydrochloric or sulfuric acid; 2 by the distilla- 
tion of the copper salt of the monoethyl ester of benzylidene 
oxalacetic acid 3 and by the condensation of ethyl acetate and 
benzaldehyde in the presence of sodium. 4 The method described 
in the procedure is a slight modification of the one originally 
described by Claisen. 5 

1 Miller, Ann. 188, 303 (1877). 

J Kopp, Ann. 95, 318 (1855); Weger, Ann. 221, 75 (1884); Brtihl, Ann. 235, 
19 (1886); Fischer and Speier, Ber. 28, 3254 (1895). 

3 Wislicenus and Jensen, Ber. 25, 3449 (1892). 

4 Claisen, Ber. 23, 977 (1890); Stoenner and Kippe, Ber. 38, 3034 (1905). 
'Claisen, Ber. 23, 977 (1890). 



XIV 
HYDROCINNAMIC ACID 

C 6 H s CH=CHC0 2 Na + 2H (electrolytic) -> 

C 6 H 5 CH 2 CH 2 C0 2 Na 

aCeHsCHzCHaCOaNa + H2SO4 -* 

CeHsCHaCHaCOaH + Na 2 S0 4 

Submitted by A. W. Ingehsoll. 

Checked by Henry Gilman and L. C. Heckf.ht. 

1. Procedure 

A. Apparatus: 

The reduction is carried out in a 7 X 10-inch battery jar 
(Note 1) which is surrounded by a vessel of cold water. The 
bottom of the battery jar is just covered with mercury which 
serves as the cathode of the cell. The anode is a coil of heavy 
sheet lead separated from the catholyte by suspending it in a 
porous cup. The latter is supported in the battery jar so that 
it just clears the surface of the mercury (Note 2). The cathode 
is connected with the circuit by means of a copper wire well 
insulated with rubber except for one-eighth inch at the end 
which is immersed in the mercury. Efficient mechanical stirring 
is provided for the catholyte. The current used for these experi- 
ments was drawn from a storage battery delivering 30 volts, 
through a rheostat and ammeter each capable of carrying 15 
amperes. Current may be taken from any source which will 
supply 80 to 85 ampere-hours at the rate of 5 to 10 amperes. 
Several reduction cells of the size described may be run at one 
time by connecting them in series. The diagram given in Org. 
Syn. 5, 94 shows the arrangement of the apparatus. 
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B. Reduction of Cinnamic Acid: 

After the apparatus is assembled, 2 1. of 7-8 per cent sodium 
sulfate solution (Note 3) is placed in the battery jar and the 
porous cup is filled to the same level with more of this solution. 
The stirrer is started and 200 g. (1.35 moles) of a good grade of 
cinnamic acid (Note 4) is suspended in the catholyte. A solution 
of 35 g. (0.88 mole) of sodium hydroxide in 150 cc. of water is 
then added at such a rate as to avoid forming lumps of sodium 
cinnamate (Note 5). The current is turned on and the rheostat 
adjusted until a steady current of 5 to 10 amperes is flowing 
(Note 6) . From this point only occasional attention is required. 
The suspended sodium cinnamate and cinnamic acid gradually 
dissolve as the reduction proceeds. Portions adhering to the 
walls of the cell should be worked down with a stirring rod and 
finally with a little water from a wash-bottle. The liquor inside 
the porous cup should be kept alkaline by adding very concen- 
trated sodium hydroxide solution at about half-hour intervals 
(Note 5). About no g. (2.7 moles) will be required. The 
reduction will require 76 to 80 ampere-hours (Note 7) ; con- 
siderable hydrogen is evolved near the end. The temperature 
need not be controlled (Note 8). 

When reduction is complete (Note 7) the cathode liquor is 
decanted or siphoned from the mercury, filtered from traces of 
solid matter and acidified with an excess of sulfuric acid (sp. gr. 
1.1). The hydrocinnamic acid separates as an oil and solidifies 
on thorough cooling. The yield of crude product, which contains 
water and other impurities is 180-200 g. It is purified by distil- 
lation under reduced pressure. The product boiling at ro4- 
I 97°/75 mm. (i45-i47°/i8 mm.) is colorless and melts at 47.5- 
48 . The yield of distilled acid is 160-180 g. (80-90 per cent of 
the theoretical amount) depending upon the quality of the cin- 
namic acid used (Note 4). 

2. Notes 

1. This is a commercial size. Any sturdy glass vessel of 
similar dimensions may be used. 
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2. The lead anode should have about the same surface area 
as the cathode. The porous cup used was 8 X 21 cm., but 
similar sizes will do. A three-legged desiccator plate makes a 
convenient support for the cup. 

3. Any dilute solution of sodium sulfate may be used. If 
several runs are to be made, the solution recovered from the 
filtration of the hydrocinnamic acid should be neutralized with 
sodium hydroxide, diluted if necessary, and used again. Traces 
of hydrocinnamic acid contained in this solution are thus saved, 
c. p. chemicals are not necessary. 

4. The quality of the cinnamic acid used is important. The 
yield from a commercial c. p. acid melting at 132.5-133 was 
86-90 per cent. From a lot melting at 131.5-133 obtained by 
recrystallizing a crude acid with the use of boneblack the yield 
was 81-83 P er cent. With a technical grade of material the yield 
f ell , in some runs, below 60 per cent, the reduction mixture foamed 
considerably and much high-boiling residue was left on dis- 
tillation. 

5. The addition of too much sodium hydroxide at this point 
produces a thick sludge which does not stir well. It should be 
noted that during the reduction two molecular equivalents of 
sodium hydroxide are produced at the cathode and an equivalent 
amount of sulfuric acid at the anode. 

6. The current may vary somewhat, especially if the anode 
liquor becomes too dilute or highly acid. The sodium hydroxide 
solution added to the anolyte should be concentrated so that the 
diffusion which always occurs will not dilute the catholyte exces- 
sively. High amperage shortens the time required but promotes 
heating. Seven amperes is a convenient rate. 

7. The theoretical quantity of current is 72 ampere-hours. 
It is necessary to pass an excess of 4 to 8 ampere-hours to insure 
complete reduction. The end of the reduction is reached when 
a sample of the catholyte on acidification with excess sulfuric 
acid precipitates an oil and no solid. 

8. The reaction is favored by moderately high temperatures. 
Excessive heating may be avoided by reducing the amperage or 
by placing cold water in the cooling bath. 
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9. It may be noted that this process is essentially a sodium 
amalgam reduction. By the same procedure jS-furylacrylic acid 
was reduced to /?-furylpropionic in yields of 60-70 per cent. 
With suitable modifications it may be applied to the reduction 
of other substances reducible with sodium amalgam. 

3. Methods of Preparation 

Hydrocirinamic acid has been prepared by the reduction of 
cinnamic acid with sodium amalgam, 1 with hydriodic acid at 
100 , 2 and with phosphorus and hydriodic acid; 3 by the action 
of potassium cyanide on /3-phenylethyl chloride followed by 
hydrolysis; 4 by the acid hydrolysis of benzyl-acetoacetic ester; 5 
and by several other methods of no preparative value. It has 
also been prepared electrolytically by the reduction of cinnamic 
acid in alkaline solution on cathodes of lead 8 and mercury. 8 

1 Erlenmeyer and Alexejefl, Ann. 121, 375 (1862). 

= Glaser, Zeit. f. Chem., 1865, in. 

J Gabriel and Zimmerman, Ber. 13, 1680 (1880). 

4 Fittig and Kiesow, Ann. 156, 249 (1870). 

'Merz and Weith, Ber. 10, 758 (1877). 

8 Conrad, Ann. 204, 176 (1880). 

7 Conrad and Hodgkinson, Ann. 193, 302 (1878). 

"Norris and Cummings, J. Ind. Eng. Chem. 17, 305 (1925). 

8 Marie, Compt. rend, 136, 1331 (1903). 



XV 
IODOBENZENE 

2C 6 Hc + I a + [O] (HN0 3 ) -» 2 C 6 H 5 I + H 2 

Submitted by F. B. Daws and R. Q. Brewster. 
Check by Hfnry Oilman and J. Robinson. 

1. Procedure 

In a i-l. three-neck flask fitted with a mechanical stirrer, 
reflux condenser and separatory funnel, are placed 381 g. (1.5 
moles) of iodine and 400 g. (5.1 moles) of benzene. The mixture 
is heated to about 50° on a water bath and 275 cc. of nitric acid 
(sp. gr. 1.50) is added slowly from the separatory funnel; the 
time required for the addition should be about one and one- 
quarter hours. A copious evolution of oxides of nitrogen takes 
place, and the gases are carried off from the upper end of the 
condenser to an open window or hood. The reaction proceeds 
smoothly (Note 1) and the temperature rises slowly without the 
application of heat until the mixture boils gently. When all of 
the nitric acid has been added, the solution is refluxed for about 
fifteen minutes. If iodine still remains, more nitric acid should 
be added slowly to the warm solution until the purple color 
of the iodine has been discharged and the solution becomes 
brownish red. 

The lower reddish oily layer is separated, mixed with an equal 
volume of 10 per cent sodium hydroxide solution and steam dis- 
tilled from a 2-1. flask until no more oil passes over. Towards 
the end of the distillation a yellow solid begins to collect in the 
receiver; this consists of nitro compounds, which are removed 
by vigorously stirring the oil for about three hours with 20 cc. 
of concentrated hydrochloric acid, 300 cc. of water and 200 g. 
of iron filings in a 2-1. flask connected with a reflux condenser. 
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The mixture is allowed to cool and is then filtered. The 
filtrate is rendered distinctly acid to congo red with hydrochloric 
acid and again distilled with steam. The oil so obtained is 
separated and distilled under normal pressure with the use of a 
fractionating column (Note 2). The fraction boiling at 180-190 
is redistilled and the pure compound is collected at i84-r86°. 
The yield is 523-531 g. (86-87 per cent of the theoretical amount) 
(Note 3). 

2. Notes 

1. The reaction proceeds smoothly without stirring; however, 
the time of addition is decreased somewhat by stirring. Ordinary 
rubber stoppers may be used; although they are somewhat 
attacked, this is not sufficiently serious to warrant any special 
apparatus. In very large runs it may be desirable to use stoppers 
made from asbestos paper and water glass (Org. Syn. 5, 9). 
Rubber stoppers have been iised in a run five times the size of 
that described. 

2. A good separation is obtained by means of a 500-cc. 
modified Claisen flask (Org. Syn. 1, 40) without the use of 
diminished pressure. 

3. Iodobenzene prepared by this procedure may contain 
traces of nitro compounds. The test for these is to reduce a 
sample with stannous chloride (or tin) and hydrochloric acid, and 
treat the resulting acid solution in the cold with a solution of 
sodium nitrite. If a phenolic odor is obtained on boiling the 
solution, nitro compounds are still present. A more delicate 
test can be made by adding the reduced solution, after treatment 
with sodium nitrite, to an alkaline solution of /3-naphthol; an 
azo dye is formed if nitro compounds were originally present. 

3. Methods of Preparation 

The present method is essentially that of Datta and Chat- 
terjee. 1 Oxidizing agents other than nitric acid have been used 
in the preparation of iodobenzene from benzene and iodine, but 

'Datta and Chatterjee, J. Am. Chem. Soc. 39, 43; (1917). 
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no one of them appears to be as effective and as convenient as 
nitric acid. Those that have been used are iodic acid, 2 fuming 
sulfuric add, 3 mercuric oxide 4 and ferric chloride. 5 Other 
methods of preparative interest are the diazo reaction starting 
with aniline; 6 the reaction between benzene, iodine monochloride 
and aluminum chloride; 7 benzene, sulfur iodide and nitric acid; 8 
and phenylmagnesium bromide and iodine. 9 

'Kekule, Ann. 137, 16a (1866); Klages and Liecke, J. prakt. chem. (2) 61, 
311 (1900). 

3 Rupp, Ber. 29, 1629 (1896); Neumann, Ann. 341, 84 (1887). 

' Weselsky, Ann. 174, gg (1874). 

•Meyer, Ann. 281, rg S (1885); J. prakt. Chem. (2) 34, 504 (1886). 

6 Griess, Jahresber. 1866, p. 477. 

'Greene, Bull. soc. chim. 36, 334 (1881). 

■Edinger and Goldberg, Ber. 33, 2875 (1000). 

• Datta and Mitter, J. Am. Chem. Soc. 41, 288 (1019). 



XVI 
LEVULINIC ACID 

C12H22O11 -» 2CH 3 COCH 2 CH 2 C0 2 H + 2HCO2H + H 2 

Submitted by B. F. McKenzie. 

Checked by H. T. Clarke and R. Phillips. 

1. Procedure 

To a solution of 500 g. (1.46 moles) of cane sugar (Note 1) 
in 1 1. of water in a 2-1. flask is added 250 cc. of concentrated 
hydrochloric acid (sp. gr. 1.16). The flask is heated on a steam- 
bath for twenty-four hours, during which time considerable car- 
bonization takes place. The black solid is filtered off with suc- 
tion and washed with 300 cc. of water. The filtrate is placed in 
a large evaporating dish on a steam-bath and allowed to evaporate 
overnight. The black solid residue obtained on the following 
morning is ground to a powder and placed in a folded filter paper 
of 34 cm. diameter. This is placed in a 25-cm. funnel fitted 
with a water-cooled 12-I. flask as described in Org. Syn. 2, 49. 
The solid is extracted with 500 cc. of ether for six to eight hours. 
The ether is distilled and the residue (Note 2) fractionated under 
reduced pressure. The fraction distilling at 150-160 °/iS mm - 
or i35-i4o°/io mm. forms a rather dark liquid which does not 
completely solidify on cooling. 

On redistillation under reduced pressure a fraction boiling 
over a range of not more than 2° (e.g., 137-139°/ 10 mm.) is 
obtained with very little loss; this fraction solidifies almost 
completely at 30°. The yield is 72-76 g. (22-23 P er cent of the 
theoretical amount). 

2. Notes 

1. Equally good results may be obtained with starch; the 
mixture, however, must be warmed more slowly as it is apt to 
foam at the outset. 

5° 
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2. When larger quantities of levulinic acid are to be pre- 
pared it has been found by the checkers to be more convenient to 
fractionally distil the first nitrate under reduced pressure, without 
evaporating to dryness and extracting with ether. In this case 
a considerable quantity of tarry residue remains in the distilling 
flask. The yields are equally good. 

3. Methods of Preparation 

The only practical methods for preparing levulinic acid depend 
upon the action of mineral acids upon carbohydrates, a reaction 
discovered by Grote and Tollens, 1 who heated cane sugar with 
dilute sulfuric acid. The method above described is essentially 
that of Conrad, 2 descriptions of which frequently have appeared 3 
in the subsequent literature. The use of vacuum distillation was 
suggested by Kent and Tollens. 4 Levulinic acid has also been 
prepared from starch by the action of hydrochloric acid. 5 

'Grote and Tollens, Ann. 175, 181 (1875); 206, 226 (1880). 
2 Conrad, Ber. U, 2177 (1878). 

'Fittig and Wolff, Ann. 208, 104 (1881); Neugebauer, Ann. 227, 97 (1885); 
Seissl, Ann. 249, 272 (1888). 

4 Kent and Tollens, Ann. 227, 229, Note 2 (1885). 
E Kischbieth, Ber. 20, 177.3 (1887). 



XVII 





J-MENTHONE 




CH 3 

| 






CH 3 


CH 
/\ 






/CH X 


H 2 C CH 2 






M2C CIl2 


1 1 


+ [0](Na 2 Cr 2 7 ) 


— > 


I | + H2O 


H 2 C CHOH 






H 2 C CO 


\/ 
CH 






\ch/ 



CH(CH 3 ) 2 CH(CH 3 ) 2 

Submitted by L. T. Sandborn. 

Checked by H. T. Clarke and Ross Phillips. 

1. Procedure 

In a 1 -I. round-bottom flask provided with a mechanical 
stirrer is placed 120 g. (0.4 mole) of crystallized sodium dichro- 
mate (or an equivalent amount of potassium dichromate), and 
to this is added a solution of 100 g. (0.97 mole) of concentrated 
sulphuric acid (sp. gr. 1.84) in 600 cc. of water. To this mixture 
90 g. (0.57 mole) of menthol (crystals, m. p. 41-42 ) is added in 
three or four portions and the mixture stirred (Note 1). Heat is 
evolved and the temperature of the mixture rises to about 55° 
(Note 2). As soon as the reaction is complete the temperature 
falls. The oil is mixed with an equal volume of ether, separated 
in a separatory funnel, and washed with three 200-cc. portions of 
5 per cent sodium hydroxide solution (Note 3). The ether is then 
removed by distillation and the residue distilled under reduced 
pressure, the menthone being collected at 98-roo°/i8 mm. If 
distilled under atmospheric pressure it boils at 204-207 . The 
yield is 74-76 g. (83-85 per cent of the theoretical amount). 
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2. Notes 

i. On addition of the menthol a black spongy mass forms 
which softens as the temperature rises and finally forms a dark- 
brown oil. 

2. The temperature may not reach 55 °, in which case the 
mixture may be warmed gently with a small flame. In case the 
reaction is slow in starting, gentle heating with a small flame is 
advantageous. 

3. The oil, which is dark brown before washing with sodium 
hydroxide, becomes light yellow. If three washings are not suf- 
ficient to remove the dark color another portion of sodium 
hydroxide solution is used. 

3. Methods of Preparation 

Z-Menthone can be made by the oxidation of rhodinol with 
a chromic-sulphuric acid mixture. 1 A Sabatier-Senderens reduc- 
tion of thymol gives a mixture containing 30 per cent menthone. 2 
/-Menthone is also obtained by treating menthol with copper at 
3oo°. :l The method used in these directions is that of Beckmann. 4 

1 Bouveault, Bull. soc. chim. (3) 23, 464 (1900). 
•Pickard and Ijttlebury, J. Chem. Soc. 101, 113 (1Q12). 
s Neave, J. Chem. Soc. 101, 513 (1912). 
* Beckmann, Ann. 250, 325 (1889). 
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MERCURY DIPHENYL 

2 CaHgBr + Na 2 Hg -> (CoHg^Hg + aNaBr 

Submitted by H. O. Calvery. 

Checked by Frank C. Wiiiimore and R. W. Beattie. 

1. Procedure 

In a i-I. round-bottom flask fitted with a reflux condenser are 
placed goo g. of 3 per cent sodium amalgam (Note 1), 180 g. 
(1.15 moles) of bromobenzene, 200 cc. of dry toluene or dry 
xylene, and 10 cc. of ethyl acetate. The mixture is refluxed with 
frequent shaking for twelve hours in an oil bath at 130°. 

The mixture is transferred (Hood) (Note 5) while still hot to a 
a fluted filter paper in a 20-cm. glass funnel, leaving behind as 
much mercury as possible (Note 2). The funnel is made part of a 
special extraction apparatus as described in Org. Syn. 2, 49. 
The mercury diphenyl is extracted with 600 cc. of boiling benzene 
for about ten. hours (Note 3) . 

The solution is distilled under reduced pressure on an oil 
bath, the temperature of which is raised to 110° near the end of 
the distillation. The solid residue left in the flask after removal 
of the solvent is taken out and washed until nearly white with 
95 per cent alcohol which has been cooled in an ice bath. This 
requires about four washings of 50 cc. of alcohol each (Note 4). 
The yield is 65-75 g. (32-37 per cent of the theoretical amount). 
The melting point is 121-123 . 

2. Notes 

1. For the preparation of sodium amalgam see Org. Syn. 7, 89. 

2. Care must be taken to remove ail the mercury diphenyl; 
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but if too much mercury is removed, it may break the filter paper 
or weight it down so that the benzene vapors cannot rise around 
it. It is sometimes best to put stirring rods down around the 
sides of the paper to insure a free path for the benzene vapors. 

3. In some cases the extraction may not be complete in this 
length of time. 

4. Some mercury diphehyl may be recovered by combining 
the washings from several runs. 

5. Mercury diphenyl is very poisonous. The vapors of the 
benzene solution must not be breathed. 



3. Methods of Preparation 

Mercury diphenyl has been prepared in a number of ways. 
The most important methods are : by the action of sodium on a 
mixture of bromobenzene and mercuric chloride; T from sodium 
amalgam and phenyl mercuric iodide; 2 by the interaction of 
phenyl mercuric bromide and potassium sulfide 2 or phenyl 
mercuric acetate and sodium stannite; 3 from phenyl magnesium 
bromide and mercuric chloride; 4 by the action of phenyl hydra- 
zine on mercury compounds; s from mercuric chloride and phenyl 
arsenious oxide; 6 and from diphenyl mercuric ammonium acetate 
and sulfur compounds. 7 

'Michaelis and Reese, Ber. 15, 2877 (1882). 

'Dreher and Otto, Ber. 2, 542 (1869). 

'Dimroth, Ber. 35, 2853 (1902). 

'Ffeiffer and Trirskier, Ber. 37, 1127 (1904). 

6 Fischer and Erhardt, Ann. 199, 332 (1879). 

"Fraenkel, Arzneimittelsynthcse, 4th ed. (1919), 661. 

'Pesci, Gazz. chim. ital. 39, I, 150 (1909). 



XIX 
METHYLENE BROMIDE 

CHBr 3 + NaOH + Na 3 As0 3 — > CH 2 Br 2 + Na 3 As0 4 + NaBr 

Submitted by W W Hartman and E E Dreger 
Checked by Frank C Whitmore and C. J Korpi. 

1. Procedure 

In a 2-1. round-bottom flask placed on a steam bath and 
fitted with a stirrer, a scparatory funnel, and a reflux condenser 
is placed 540 g. (1.9 moles) of commercial (88 per cent) bromo- 
form (Note 1). There is then added 10 cc. of a solution of 
sodium arsenite made by dissolving 230 g. (1.16 moles) of c p. 
arsenious oxide and 445 g. (n moles) of sodium hydroxide in 
1.4 1. of water. The mixture is warmed gently to start the 
reaction, and then the remainder of the sodium arsenite solution 
is added during about one hour at such a rate that the solution 
refluxes gently. When the addition is complete, the flask is 
heated for four hours on the steam bath. The reaction mixture 
is distilled with steam, the lower layer of methylene bromide 
separated, and the water layer extracted once with 100 cc. of 
ether (Note 2). The methylene bromide is dried with 10 g. of 
calcium chloride and distilled. The yield of slightly yellow 
liquid boiling at 97-100° is 290-300 g. (88-90 per cent of the 
theoretical amount). 

2. Notes 

i. The commercial bromoform used contained 12 per cent 
of alcohol. Its specific gravity was 2.59/25° as compared with 
2.88/25 for pure bromoform. 

2. The chief function of the extraction is to collect the fine 
droplets of methylene bromide which remain in the water layer. 
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3. Methods of Preparation 

Methylene bromide has been prepared by the reaction of 
bromine with methylene iodide, 1 and by the action of bromine on 
methyl bromide 2 at 250 . The present method is adapted from 
the preparation of methylene iodide described in Org. Syn. 1,57. 

1 Butlerow, Ann. Ill, 251 (1859). 

2 Sterner, Ber 7, 507 (1874) 



XX 

MONOCHLOROMETHYL ETHER 

HCHO+CH 3 OH+HCl -> CICH2OCH3+H2O 

Submitted by C. S. Marvel and P. K. Porter. 
Checked by H. T. Clahke and E. R. Taylor. 

1. Procedure 

In a 2-1. round-bottom flask fitted with a stopper carrying 
a reflux condenser and a glass tube reaching nearly to the bot- 
tom of the flask are placed 350 g (10.9 moles) of methyl alcohol 
and 900 g. of technical formalin containing 252 g. (8.4 moles) 
of formaldehyde (Note 1). 

A rapid stream of hydrogen chloride (Note 2) is run into the 
mixture, which is cooled with ru nnin g water. In about two 
hours a layer of chloromethyl ether begins to appear. The 
stream of hydrogen chloride is continued for two or three hours 
longer until the solution is saturated. The layer of chloromethyl 
ether is then separated. The water layer is saturated with 
calcium chloride (Note 3) and more ether separates. This is 
added to the main portion which is then dried over calcium 
chloride and fractionally distilled. The yield of a product 
boiling at 55-60° is 580-600 g. (86-89 per cent of the theoretical 
amount based on the formaldehyde). 

2. Notes 

1. The following table showing the relation between the 
density of formalin solutions and their formaldehyde content 
has been found useful. It is copied from Beilstein's Handbuch 
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der Organischen Chemie, 4th Ed., Julius Springer, Berlin, 1918, 
Vol. I, page 561. 
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2. The hydrogen chloride was generated by the method 
described in Org. Syn. 2, 30. About 390-420 g. of hydrogen 
chloride is required for saturation. 

3. Chloromethyl ether is soluble in the aqueous hydrochloric 
acid used so that the salting out with calcium chloride is neces- 
sary to obtain the maximum yield. 



3. Methods of Preparation 

Monochloromethyl ether has been prepared by saturating 
an aqueous solution of formaldehyde and methyl alcohol with 
hydrogen chloride * and by saturating a solution of trioxymethyl- 
ene in methyl alcohol with hydrogen chloride. 2 The method 
which is described in the procedure is essentially that developed 
by Henry. 3 

■Henry, Ber. 26, 933 (1893); Favre, Bull. 30c. chim. (3) 11, 1095 (1894); 
Litterscheid and Thimme, Ann. 334, 10 (1904). 

a Wedekind, Ger. pat. 135,310 (Chem. Zentr. 1902 (II), 1164); Ber. 36, 1384 
(1903); Houben and Arnold, Ber. 40, 4307 (1907); Litterscheid, Ann. 330, 109 
(1904); Reychler, Bull. sac. chim. (4) 1, 1195 (1907). 

' Henry, Ber. 26, 933 (1893). 



XXI 
-NAPHTHOL PHENYLAMINOMETHANE 



2C 6 H 5 CHO+ 



OH 



+ NH 3 -> C 6 H 6 CHN = CHC 6 H 5 + 2H2O 
^lOH 



C H S CHN = CHC0H5 + H 2 + HC1 -> C0H5CHNH2 • HC1+ C 6 H s CH0 

OH f^/^OH 

i 



C 6 H 6 CHNH 2 HC1+K0H -> C5H5CHNH2+KCI+H2O 
I I 

^OH // N/NoH 



Submitted by M. Betti. 

Checked by C. S. Marvll and G. S. Hiers. 

1. Procedure 

In a i-l. round-bottom flask is placed a cold solution of 144 g. 
(1 mole) of /3-naphthol in 200 cc. of 95 per cent alcohol (Note 1). 
To this solution is added first 212 g. (2 moles) of freshly distilled 
benzaldehyde (which has been previously freed from acid by shak- 
ing with 5 per cent sodium carbonate solution) and then about 
200 cc. of 95 per cent alcohol which has been saturated with 
ammonia at room temperature. The solution becomes red and 
warms up spontaneously. The flask is stoppered and allowed to 
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stand for two hours. Then the stopper is removed, and the excess 
ammonia is allowed to escape. After about twelve hours, the 
condensation product, which has separated as white needles, 
is filtered with suction and washed with 50 cc. of alcohol. The 
mother liquors on standing for three days deposit an additional 
quantity of the condensation product (Note 2). The yield is 
284-306 g. (S5-92 per cent of the theoretical amount) of a 
product which melts at T48-150 . 

The condensation product thus obtained is introduced into 
a 5-L round-bottom flask arranged for steam distillation, and 
treated with three to four times its volume of 20 per cent hydro- 
chloric acid. The mixture is steam distilled to remove all benz- 
aldehyde formed by the hydrolysis (about two hours) (Note 3). 
Meanwhile, an abundant flocculent precipitate of light pink or 
white needles separates. The mixture in the flask is cooled 
thoroughly and filtered with suction. The yield is 240-260 g. 
(84-91 per cent of the theoretical amount) of a product which 
melts at 190-220° with decomposition (Note 4). 

The hydrochloride thus obtained Mferies from pure white 
to a light red in color, depending on the purity of the original 
reagents and on the length of time required for the hydrolysis. 
However, the color does not interfere with isolation of a pure 
white free base when the salt is treated with alkali. The salt 
is somewhat more stable than the free base, and if the reagent 
is to be stored for some time, it should be kept in this form. 

In order to obtain the amine, 200 g. of finely divided hydro- 
chloride is placed in a 1500-cc. beaker and stirred into a smooth 
paste with 300 cc. of water. To this is added 50 g. of crushed 
ice, and the mixture is cooled in an ice bath (Note 5). Then 
750-800 cc. of 25 per cent aqueous potassium hydroxide is added 
slowly with stirring until the hydrochloride dissolves. The cold 
solution is transferred to a separatory funnel and extracted with 
four 300-cc. portions of ether. The combined ether extract is 
dried overnight with 50 g. of anhydrous sodium sulfate, filtered, 
and concentrated to about 300 cc. On cooling the solution in 
an ice bath, the amine crystallizes and is filtered with suction. 
The first crop of crystals weighs ii2-ii5g. Further concen- 
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tration of the mother liquors to about ioo cc. and cooling yields 
14-18 g. more of the product (Note 6). The total yield is 
127-131^. (73-75 per cent of the theoretical amount) of a 
product which melts at 124-125° (Note 7). If desired, it may 
be purified by dissolving in an excess of dry ether, evaporating 
the excess of solvent, and allowing the amine to crystallize. 
Thus, 24.5 g. of the amine, when dissolved in 800 cc. of dry 
ether and the solution filtered and evaporated in a current of 
air to 150 cc, yields 18-19 g. of product, melting at 124-125°. 



2. Notes 

1. It is usually necessary to warm the alcohol in order to dis- 
solve the (3-naphthol. This solution is then cooled before the 
addition of the benzaldehyde. 

2. Even after three days' standing, the reaction is not entirely 
complete, and an additional 8-10 g. of product may be obtained 
by allowing the mother liquors to stand for another three or four 
days. 

3. Sometimes when the distillation is carried on for too long 
a period, the hydrochloride coagulates to a hard red mass. 
If this happens, the product may be purified by crystallization 
from about 15 per cent hydrochloric acid. Even the deeply 
colored hydrochloride yields a colorless amine. 

4. The hydrochloride is almost insoluble in cold water. It 
is slightly hydrolyzed by boiling water. 

5. The temperature should be kept below 20° during the 
addition of the alkali, or the product is decomposed and ammonia 
is evolved. 

6. A small additional amount of impure product may be 
obtained by evaporating the mother liquors further and cooling 
the solution. This product amounts to only a few grams and 
needs to be purified by recrystallization from ether. 

7. This amine is of interest because it is readily resolved 
with tartaric acid to give the pure dextro and levo isomers. 1 

1 Betti, Gazz. chim. ital. 36, II, 392 (1906). 
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These optically active bases are very useful in the resolution 
of various types of racemic substances. 

3. Methods of Preparation 

/3-Naphthol phenylaminomethane has been prepared only 
by the method outlined in the procedure. 2 

! Betti, Gazz. chim. ital. 31, 1, 385 (igot). 



XXII 
a-NITROANILINE 



NH 2 NH 2 

+ H 2 0-> 



S0 3 H 



N0 2 

+ H2SO4 



Submitted by Lours Ehk* nfeld and Mtlton Pltterbaugh. 
Checked by Roger Ad\ms and S. V. Puntambekek. 

1. Procedure 

In a 3-I. round-bottom flask fitted with a reflux condenser 
are placed 218 g. (1 mole) of coarsely powdered technical o-nitro- 
aniline-^-sulfonic acid, and a hot mixture of 775 cc. of concen- 
trated sulfuric acid (sp. gr. 1.84) and 950 cc. of water (Note 1). 
Heat is applied and the mixture is refluxed gently for an hour 
after solution is practically complete (total about three hours). 
The resulting dark solution is allowed to cool and is poured 
slowly into 12 1. of cold water in a crock (Note 2). 

After cooling, the dense orange-yellow precipitate is filtered 
with suction. This crop of crystals after air-drying weighs 
about 70 g. and melts at 68-70 . The filtrate is returned to the 
crock and made slightly alkaline with 50 per cent sodium hydrox- 
ide solution (about 2.25 1.). It is then made barely acid to 
litmus with sulfuric acid. This neutralization will produce 
considerable heat and the mixture should be thoroughly cooled 
before filtering. This second crop of crystals weighs about 
22-25 g- an d me lt s at 69-70.5°. The total crude yield is 90-95 g. 

The two crops of crystals may be combined for recrystalliza- 
tion from boiling water, using 1 1, for each 9 g. The hot solution 

64 



o-NITROANILI G5 

is filtered quickly and the nitrate is cooled thoroughly and filtered 
with suction. The crystals are dried at 50°. The product 
melts at 69-71 °. An alternate method of purification is to dis- 
solve the crude product in about 250 cc. of 95 per cent alcohol, 
filter the solution, dilute with 1 1. of hot water and warm on a 
steam bath if a precipitate forms. On cooling this solution the 
product separates in orange-brown needles, and is filtered and 
air dried. The yield is about 78 g. (56 per cent of the theoretical 
amount), m.p. 69.5-70.5 . 

2. Notes 

1. If cold, diluted acid is used, stirring must be employed 
during the heating to prevent caking and consequent charring. 

2. The dark solution may be poured slowly over sufficient 
ice to half -fill a 16-L (4-gal.) crock. A good yield was obtained 
in this way, but at this point the temperature is not likely to 
rise much and the use of cold water is cheaper and sufficiently 
satisfactory. 

3. Methods of Preparation 

o-Nitroaniline has been obtained together with some p nitro- 
aniline in the nitration and subsequent hydrolysis of acetanil- 
ide x and of benzanilide; 2 by the sulfonation, nitration and sub- 
sequent hydrolysis of oxanilide 3 and of acetanilide; * by the 
nitration of aniline and separation of the mixture of isomers; 5 
and by heating a mixture of u-chloronitrobenzene with ammo- 
nium acetate. 



'Walker and Zincke, Ber. 5, 114 (1872); Remsen and Graham, Am. Chem. J. 
It, 320 (1889); Weida, Am. Chem. J. 19, 547 (1897); Pokorry, Bull. Soc. Indus. 
Mulhouse 1894, 280 [Chem. Zentr. 1894, II, 556]- 

2 Lellmann, Ann. 221, 6 (1883). 

3 Ger. pat. 65,212; 66,060 [Frdl. 3, 44, 45 (1892)!. 

'Nietzki and Benckiser, Ber. 18, 295 (1885); Turner, Ber. 25, 986 (1892); 
Sakellarios, Ber. 58, 2286 (1925). 
'Bruns, Ber. 28, 1954 (1895). 
« Brit. pat. 169,688 [C. A. 16, 721 (1922)]. 



XXIII 
NITROSTYRENE 

CbHsCHO + CH3NO2 + NaOH -» C 6 H 5 CHOHCH=N0 2 Na 

C e H s CHOHCII=N0 2 Na+HCl -> 

C 6 H 5 CH=CHN0 2 + NaCl+H 2 

Submitted by David E. Wohrall. 
Checked by C. S. Makvel and W. II. Lycan. 

1. Procedure 

In a 6-1. wide-mouth bottle, packed in a pail with a freezing 
mixture of ice and salt and fitted with a mechanical stirrer, a 
thermometer and a separatory funnel, are placed 305 g. (5 moles) 
of nitromethane (Org. Syn. 3, 83) 530 g. (5 moles) of benzalde- 
hyde (Note 1) and 1000 cc. of methyl alcohol. A solution 
of sodium hydroxide is prepared by dissolving 210 g. (5.25 
moles) of caustic soda in approximately an equal volume of 
water and cooling. It is then diluted to 500 cc. with ice and 
water, poured into the funnel, and added with stirring to the 
nitromethane mixture at such a rate that the temperature is 
kept at 10-15 (Notes 2 and 3). 

A bulky white precipitate forms rapidly during the addition 
of the alkali. The mixture gets so thick that stirring becomes 
difficult and it may be advisable to add 100 cc. more of methyl 
alcohol. After fifteen minutes' standing, the pasty mass is 
converted to a clear solution by the addition of 3-3.5 1. of ice 
water containing crushed ice (Note 4). Hydrochloric acid (made 
by diluting 1000 cc. of concentrated hydrochloric acid with 
1500 cc. of water) is placed in a 15-I. mixing jar and the reaction 
mixture run into this from the separatory funnel at such a rate 
that the stream just fails to break into drops (Note 5). A pale 
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yellow crystalline mass separates almost immediately as the 
alkaline solution comes in contact with the acid. After the 
stirring is stopped, the solid settles to the bottom of the jar. The 
major part of the cloudy liquid layer is removed by decantation, 
and the residue filtered by suction and washed with water until 
free from chlorides. This product is freed from all but a negligible 
amount of water by melting in a beaker immersed in hot water. 
Two layers are formed and on cooling again the lower layer of 
nitrostyrene freezes; the water may then be poured off. The 
crude nitrostyrene is purified by dissolving in 420 cc. of hot ethyl 
alcohol (Note 6) , filtering the solution into a warm suction flask 
to remove solid impurities, and then cooling until crystallization 
is complete. The yield of crude product melting at 56-58 ° is 
650-670 g. The yield of recrystallized nitrostyrene melting 
sharply at 57—58° is 600-620 g. (80-83 P er cent °f the theoretical 
amount). The whole procedure, including purification, can be 
done in a day. 

2. Notes 

1. Technical benzaldehyde which had been washed with 
sodium carbonate solution, dried and distilled under reduced 
pressure, was used in this preparation. 

2. The first few cubic centimeters of sodium hydroxide solu- 
tion should be added cautiously to the nitromethane mixture 
since, after a short induction period, there is a considerable 
evolution of heat and the temperature may rise from -10° to 
30° or even higher in spite of good stirring. If necessary, this 
rise in temperature is easily checked by adding a handful of 
crushed ice directly to the mixture. After this initial reaction 
the rest of the alkali may be added more rapidly. 

3. The condensation induced by sodium hydroxide is almost 
instantaneous above 10°. The procedure may be interrupted 
with safety after the addition of alkali, and the product will not 
change on standing overnight in an ice chest. 

4. After the product has been dissolved in water the resulting 
alkaline solution is much more sensitive and should be used up 
as rapidly as possible and the temperature kept below 5 . 
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5. The alkaline solution must be added slowly to the acid, 
for the reverse procedure always forms an oil containing a 
saturated nitro alcohol. A large excess of acid at room tempera- 
ture is used, conditions which facilitate the formation of the 
desired unsaturated nitro compound. 

6. The vapors of hot solutions of nitrostyrene are very irri- 
tating to the eyes and nose, while the skin of the face is sensitive 
to the solid substance. 

3. Methods of Preparation 

Nitrostyrene has been obtained in small yields by a number 
of methods, but the only practical methods of preparation start 
with benzaldehyde and nitromethane. The condensation was 
first accomplished by heating nitromethane and benzaldehyde 
in sealed tubes with anhydrous zinc chloride. 1 Good results are 
obtained by adding small amounts of a primary aliphatic amine 
to a mixture of nitromethane and benzaldehyde, 2 but it takes a 
number of days for the reaction to go to completion. Undoubt- 
edly the best method is the use of alkali to condense benzaldehyde 
and nitromethane, as first discovered by Thiele. 3 

1 Priebs, Ann. 225, 320 (1884). 

2 Knoevenagel and Walter, Ber. 37, 4507 (1904). 

3 Thiele, Ber. 32, 1293 (iSg9); Thiele and Haeckel, Ann. 325, 7 (1902). 



XXIV 
PENTAMETHYLENE BROMIDE 

CsH^NCOCeHc + PBr 6 -> Br(CH 3 ) s Br + C 6 H 5 CN + POBr 3 

Submitted by J. von Bhaun. 

Checked by J. B. Conant and J. S. Andrews. 

1. Procedure 

In a 500-cc. Claisen distilling flask is placed 80 g. (0.42 mole) 
of benzoyl piperidine (p. 16). To this is added with cooling 
115 g. (0.43 mole) of phosphorus tribromide; this results in the 
formation of a light-colored solution. With careful cooling, this 
solution is treated, with shaking, with 65 g. of bromine (0.81 
mole). The flask is now connected for vacuum distillation and 
the solution heated gradually for a few minutes until the rapid 
evolution of gas ceases. The product is then vacuum distilled. 
At about "jo°/20 mm. a mixture of pentamethylene bromide, 
phosphorus oxybromide and benzonitrile begins to distil over 
into the receiver; a yellow solid collects in the condenser. This 
is then followed by a black decomposition product, at which 
point the distillation is stopped. The distillate is poured onto 
ice and allowed to stand in order to decompose the phosphorus 
oxybromide, a process which requires about one hour if carried 
out in a flask fitted with a reflux condenser and mechanical 
stirrer. The heavy oil is removed from the water and consists 
of pentamethylene bromide and benzonitrile. This oily layer 
is treated with 125 cc. of 40 per cent hydrobromic acid solution 
and boiled under a reflux condenser with vigorous stirring for 
about three hours in order to hydrolyze completely the ben- 
zonitrile to benzoic acid (Note r). The mixture is then distilled 
with steam using an air condenser between the distillation flask 
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and the receiving flask and fitting to the latter a reflux condenser 
cooled with water. This apparatus is necessary to avoid clog- 
ging of the condenser tubes with the benzoic acid. The penta- 
methylene bromide is separated from the water layer, washed 
with sodium carbonate, dried over calcium chloride and distilled 
under reduced pressure. The product boils at io8-iio c /2o mm. 
and amounts to 63-70 g. (65-72 per cent of the theoretical 
amount). 

2. Notes 

1. It has been suggested in the literature 1 that the ben- 
zonitrile may be removed from the pentamethylene bromide by 
shaking repeatedly with concentrated sulfuric acid. This did not 
prove satisfactory in the laboratory on account of the formation 
of emulsions. When a solvent such as petroleum ether is added, 
the emulsions may be avoided but the yield of final product 
is always lower than that obtained by the method described. 

3. Methods of Preparation 

Pentamethylene bromide has been prepared by the action of 
fuming hydrobromic acid on pentamethylene glycol, 2 or 1,5- 
diphenoxypentane; 3 by the action, of hydrobromic acid on an 
acetic acid solution of 1,5-di-isoamyloxypentane; 4 and by the 
action of phosphorus pentabromide on benzoyl piperidine. 5 

1 Dox and Voder, J. Am. Chem. Soc. 43, 1368 (1021); Clarke, J. Chem. Soc. 
103, 1703 footnote (1013). 

'Gustavson and Demjanofi, J. prakt. Chcm. (2) 39, 542 (1889); Hawortb and 
Perkin, Ber. 26, 2247 (1893); Hochstetter, Monatsh. 23, 1071 (1002). 

3 v. Braun and Steindorfi, Ber. 38, 960 (1905). 

' Hamonet, Compt. rend, 138, 1611 (1904); Bull. soc. chim. (3) 33, 530 (1905). 

' v. Braun, Ber. 37, 32rr (1904); J. v. Braun and Steindorff, ibid. 38, 2338 
(1905); Ger. pat. 164, 365 [Chem. Zentr. 1905, II, 1564]; Clarke, J. Chem. Soc. 
103, 1703 footnote (1913); Dox and Yoder, J. Am. Chem. Soc. 43, 1368 (r92i). 



XXV 
7-PHENOXYPROPYL BROMIDE 

C 6 H 5 ONa + BrCII 2 CH^CH2Br -» QjHsOCHaCHaCHaBr + NaBr 

SubmiLLed by C S Marvel and A L Tanenbaum. 
Checked by H T. Clarke and C J Malm. 

1. Procedure 

In a 5-I. round-bottom flask, fitted with a stopper cairying 
a long reflux condenser, a mechanical stirrer (Note 1) and a 
separatory funnel, are placed 2 1. of water (Note 2), 1 kg. (4.95 
moles) of trimethylene bromide (Org. Syn. 1, 8) (Note 3) and 
370 g. (3.9 moles) of phenol The stirrer is started and the 
mixture is heated to boiling. To the boiling solution- is added 
a solution of 150 g. (3.75 moles) of sodium hydroxide in 500 cc. 
of water at such a rate that all is added in aDovft one hour. ' The 
mixture is refluxed for five to six hours longer to, complete the 
reaction, then cooled and the upper water layer separated and 
discarded. The lower layef consists of trimethylene bromide, 
phenoxypropyl bromide and diphenoxypropane. This mixture 
is distilled under reduced pressure, using a Claiscn flask with a 
modified side arm (Org. Syn. I, 40). The first fraction is col- 
lected up to 136720 mm. and consists of water and recovered 
trimethylene bromide with a little phenoxypropyl bromide 
(Note 4) . The water is separated and discarded. The recovered 
trimethylene bromide weighs 34&~45og. (Note 5). The next 
fraction is pure phenoxypropyl bromide which boils at 136- 
142720 mm. The yield is 495-600 g. (84-85 per cent of the 
theoretical amount based on the trimethylene bromide actually 
used) (Note 6). On cooling the phenoxypropyl bromide, it 
crystallizes to a white solid, m.p. 7-8°. A small amount (50- 
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80 g.) of diphenoxypropane is left as a residue in the distilling 
flask. 

2. Notes 

1. The reaction may be run without stirring but a longer 
period of refluxing is necessary and the yield is lower. 

2. If less water is used in the reaction mixture, sodium 
bromide separates. 

3. The large excess of trimethylene bromide must be used in 
order to avoid the formation of large amounts of diphenoxy- 
propane. 

4. Phenoxypropyl bromide attacks rubber stoppers quite 
readily and the side arm of the distillation flask should be set 
in (Org. Syn. i, 40) in order to avoid contamination of the 
distillate. 

5. The use of recovered trimethylene bromide does not 
result in as good a yield of phenoxypropyl bromide, because 
a little phenoxypropyl bromide is already present and during 
the reaction is converted to diphenoxypropane. 

6. Pheftoxytfthyl bromide may be made in a similar manner. 
Two kilos of ethylene bromide, 285 g. of phenol and 2 1. of 
water, upon treatment with 375 g. ot sodium hydroxide, yield 
960-970 g. «f phenoxyethyl bromide (54-57 per cent of the 
theoretical amount) boiling at i25-i30°/r8 mm. 

3. Methods of Preparation 

7-Phenoxypropyl bromide has been prepared by the action 
of sodium phenoxide on trimethylene bromide in alcohol 
solution. 1 The method described in the procedure has been 
published by Marvel and Tanenbaum. 2 

'Lohmann, Bcr. 24, 2631 (1891), Salonina, Ber 26, 2987 (i8oj), v. Eraun 
and Beschke, Ber 39, 4120 (1906) 

! Marvel and Tanenbaum, J \m. Chem Soc 44, 2647 (1922). 



XXVI 
PHLOROGLUCINOL 

C 6 H2(N02) 3 C0 2 H + i 2 [Hl(Sn + HC1) -> 

C 6 H 2 (NH 2 ) 3 C02H + 6H 2 

CcH 2 (NH 2 ) 3 C02H + 5H2O + 3HCI -* 

C a H 3 (OH)3-2H 2 + 3NH4CI -f C0 2 

Submitted by II. T. Clarke and W. W. IIartman. 
Checked by C. S. MutVEL and A. T. Blomquist. 

1. Procedure 

To 225 g. (0.87 mole) of crude 2,4,6-trinitrobenzoic acid 
(Notes 1 and 2), prepared as described in Org. Syn. 2, 95, is- 
added 1800 cc. of concentrated hydrochloric acid (sp. gr. 1.17) 
in a 5-1. flask provided with a reflux condenser,, the inner tube of 
which is 15-20 mm. in diameter. To this mixture is added 825 g. 
(7.0 moles) of granulated tin in small portions, the reaction being 
started after the addition of 30-40 g. of the tin by immersing the 
flask in a hot-water bath (Note 3). The rest of the tin is added 
through the condenser at such a rate that the reaction proceeds 
briskly. It is advisable to carry out this reaction under a hood 
since hydrogen chloride is apt to escape at the beginning of the 
reaction. The mixture is finally heated on a steam bath for 
an hour in order to complete the reaction, and is then filtered 
hot through glass wool in order to remove unreacted tin. 

The filtrate is made up to exactly 2 1. and a 50 cc. sample 
titrated with sodium hydroxide solution of known concentration 
(35-40 per cent is a suitable strength). The volume of alkali 
necessary to produce a slight permanent precipitate is noted 
(it usually requires 6-8 cc. of 40 per cent alkali). More alkali is 
run in until the liquid is neutral to litmus paper: this second value 
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represents the acid combined with tin. To the filtrate in the 5-I. 
flask is added 1 kilo of cracked ice, and then sufficient alkali to 
neutralize the free acid as well as 60 per cent of that combined 
with the tin (about 800 cc. of 40 per cent sodium hydroxide is 
required). The mixture is diluted, without filtering, to 6 1. and 
boiled in a 12-I. flask under a reflux condenser in an atmosphere 
of coal gas (Note 4) for twenty hours. The precipitate is then 
filtered off and washed very thoroughly with boiling water 
(2-3 1. of water) and the combined filtrates concentrated to 3 1. 
This is then rendered slightly acid to litmus with hydrochloric 
acid, and chilled to o°, when crystals of phloroglucinol separate. 
This crop is filtered off; it should weigh 70-80 g. It is then dis- 
solved in 700 cc. of hot water, filtered, and allowed to crystallize 
at 0°. In this way 65-75 g> (46-53 per cent of the theoretical 
amount) of almost colorless (Note 5) phloroglucinol dihydrate 
melting at 217-218° is obtained. 

2. Notes 

1. It is unnecessary to remove the small amount of tri- 
nitrotoluene with which the crude trinitrobenzoic acid is con- 
taminated, since it has been found that no trace of the methyl 
homologue of phloroglucinol is obtained on treating trinitro- 
toluene in the above manner. 

2. An equivalent quantity of 1,3,5-trinitrobenzene may be 
employed in place of trinitrobenzoic acid with exactiy the same 
result; but as the most convenient method of preparing trinitro- 
benzenc in the laboratory is through trinitrobenzoic acid, nothing 
is gained by the substitution. 

3.- In carrying out the reduction, care must be taken that 
not more than 5 per cent of the tin is added before the reaction 
starts, otherwise the interaction begins with such violence that 
the product may be lost. The reaction may be readily checked 
by immersion of the flask in water. The application of wet 
towels to the upper half of the flask is often of great assistance 
to condensation while only slightly checking the reaction itself. 

4. Coal gas is recommended as being the most convenient 
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inert gas in which to carry out the hydrolysis; carbon dioxide or 
hydrogen should serve equally well. 

5. If it is found impossible to obtain a white product by 
crystallization, purification may be effected by dissolving the 
phloroglucinol dihydrate in four times its weight of hot boiling 
water and passing in sulfur dioxide until no further bleaching 
effect is observed (about half a minute is usually sufficient). 

3. Methods of Preparation 

Phloroglucinol is formed by alkaline fusion of many vegetable 
products, for instance, maclurin 1 or kino. 2 It is also formed to 
a small extent by the fusion of phenol with sodium hydroxide, 3 
and to a larger extent by fusing resorcinol with sodium hydroxide. 4 
It has been produced by fusing 1,3,5-benzenetrisulfonic acid 
with sodium hydroxide 6 and 3,5-dibromophenol with potassium 
hydroxide. 6 The best yields, however, are obtained by boiling a 
dilute solution of triaminobenzene hydrochloride 7 or triamino- 
benzoic acid hydrochloride 8 with water. 

1 Hlasiwetz and Pfaundler, Ann. 127, 357 (1863); Benedikt, Ann. 185, 114 

(1877). 

2 Hlasiwetz, Ann. 134, 122 (1865). 

3 Birth and Schreder, Ber. 12, 417 (1879). 

4 Barth and Schreder, Ber. 12, 503 (1879). 

5 Barth and Schreder, Ber. 12, 422 (1879). 
6 Blau, Monatsh. 7, 632 (1X86). 

7 Weidel and Pollak, Monatsh. 21, 20 (1900). 
8 Ger. Pat., 102358 [Frdl. V. 156 (1897)]. 



XXVII 

PYRROLE 

C0 2 H(CH0H)4C0 2 H + 2NH4OH -> 

CO 2 NH4(CH0H)4C0 2 NH4 + 2H2O 

2C0 2 NH4(CHOH) 4 C0 2 NH4 -> 

2 C4H S N + (NH 4 ) 2 C0 3 + 7H2O + 3 C0 2 

Submitted by S. M. McElvain and K. M. Bolligee. 
Checked by H. T. Clarke and E. R. Taylor. 

1. Procedure 

In a 30-cm. evaporating dish or a Pyrex tray are placed 630 g. 
(3 moles) of muck acid (Note 1) and 900 cc. of ammonium 
hydroxide (sp. gr. 0.9) ; this mixture is rapidly stirred to a smooth 
paste under the hood. The paste is evaporated to complete 
dryness on a steam bath, and the resulting ammonium mucate is 
powdered and mixed with 350 cc. of glycerol (Note 2) in a 5-I. 
round-bottom Pyrex flask. After standing overnight, the mix- 
ture is carefully distilled over a free flame, applying the heat to 
one side of the flask alone, so that only a portion of the mass is 
heated to the reaction temperature. The gases, which are 
evolved with considerable foaming (Note 3), are led away to a 
gas trap (Org. Syn. 8, 27) or to the open air, on account of their 
disagreeable nature. The heating is extended throughout the 
mass as rapidly as appears possible from the state of the mixture. 
Distillation is continued until a sample of distillate no longer 
shows oily drops when treated with solid potassium hydroxide; 
the total volume of distillate amounts to 900-1000 cc. 

The entire distillate is redistilled until no further oil separates 
in the distillate; the watery layer is then separated and returned 
to the reaction flask, together with the water remaining in the 
distilling flask. Two liters more of water is added and about 
800 cc. is distilled. The distillate is redistilled until 250-300 cc. 
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has collected in the receiver. This final distillate, on treatment 
with solid potash, yields a further 2 g. of oil. 

The united oil is rapidly dried with a small quantity of solid 
potassium hydroxide (Note 4) and distilled. The fraction which 
boils at 127-131° is collected; this is a colorless liquid which 
darkens on exposure to light (Note 5). The yield is 75-80 g. 
(37-40 per cent of the theoretical amount). 

2. Notes 

1. Muck acid is now manufactured on a large scale by the 
oxidation of the galactose occurring in certain species of wood. 

2. By the use of more glycerol the yield may be slightly 
increased, but the foaming is very difficult to control. Medicinal 
mineral oil may be substituted for the glycerol, but the yield is 
then considerably reduced. 

3. Unless the flame is properly adjusted before the foaming 
becomes very pronounced, there may be difficulty in controlling 
the distillation. The best method consists in removing the 
flame from below the flask and allowing it to play on the upper 
portion of the vessel above the surface of the boiling mixture. 

4. When pyrrole is allowed to stand over potassium hydroxide 
for more than a few hours, combination takes place, lowering the 
yield. 

5. A product of rather better quality, which shows less ten- 
dency to darken, may be obtained by finally distilling under 
reduced pressure. The darkening may also be almost entirely 
avoided by storing the product in a sealed vessel. 

3. Methods of Preparation 

Pyrrole can be obtained by fractional distillation of bone oil 
and purification through the potassium derivative. 1 The only 
synthetic method offering any possibilities involves the thermal 
decomposition of ammonium mucate, either alone 2 or in presence 
of glycerol. 3 

•Anderson, Ann. 105, 349 (1858); Weidel and Ciamician, Ber. 13, 65 (1880); 
Ciamician and Dennstedt, Ber. 19, 173 (1886). 

2 Schwanert, Ann. 116, 278 (i860). 

3 Gokbchmidt, Zeit. f. Chem. 1867, 280; Kbotinsky, Ber. 43, 2506 (1909). 



XXVIII 
o-STJLFOBENZOIC ANHYDRIDE 

/SOaNHi /S0 2x 

C 6 H 4 < +SOCl 2 -> C 6 H 4 < >0+NH4Cl+S0 2 +HCl 

x C0 2 H \C0/ 

Submitted by H. T. Clahke and E. E. Dregee. 
Checked by Henry Gilman and J. E. Kirby. 

1. Procedure 

In a 2-1. flask fitted with a mechanical stirrer, separatory 
funnel and an efficient reflux condenser are placed 219 g. (1 mole) 
of finely powdered acid ammonium o-sulfobenzoate (p. 1) and 
200 cc. of dry benzene (Note 1) . To this is added with stirring 
145 g. (1.22 moles) of thionyl chloride (b. p. 76-78 ). A tube 
is connected to the upper end of the reflux condenser which 
passes into an ice-cooled flask; from this another tube is pro- 
vided to carry off the hydrogen chloride and sulfur dioxide gen- 
erated during the reaction (Org. Syn. 8, 27). The mixture is 
gently warmed on a steam bath in such a way that gases are 
evolved fairly briskly (Note 2) ; continuous stirring is essential. 
The bulk of the entrained benzene and thionyl chloride is con- 
densed in the ice-cooled receiver; the condensate is returned 
periodically to the reaction mixture through the separatory fun- 
nel. After about fifteen hours' heating, the evolution of gases 
slackens; an additional 400 cc. of dry benzene is then added and 
the heating continued until the evolution of gases xeases; this 
requires about five hours longer. 

The hot mixture is then filtered (Note 3) with suction into 
a 2-1. flask and the solid material, consisting of ammonium chlo- 
ride, is washed with 100 cc. of hot benzene. This solid is then 
returned to the 2-1. flask and boiled with stirring for one hour 
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with 300 cc. of dry benzene; the mixture while hot is then filtered 
with suction into the same 2-1. flask. The combined filtrates 
and washings are then distilled until about 300 cc. of benzene 
has been removed, after which the solution is cooled in an ice 
bath; this causes the greater part of the sulfobenzoic anhydride 
to crystallize. The benzene mother liquor is decanted from 
these crystals and the bulk of the solvent removed by distillation. 
The flask containing the crystals is attached to a condenser and 
heated until the solid has completely melted; the adhering solvent 
is then removed from the liquid by slightly reducing the pressure. 
The clear residue is poured into a dish and allowed to cool. The 
product thus obtained melts at 1:21-123°. The residue from the 
mother liquor, being as a rule somewhat dark in color, is pre- 
ferably distilled under reduced pressure (Note 4), the flask being 
heated in a metal bath. The anhydride distils at i84-i86°/i8 
mm. The second crop may have a slightly lower melting point. 
The total yield of o-sulfobenzoic anhydride, which is of sufficient 
purity for the preparation of sulfonphthaleins, amounts to 118- 
121 g. (64-66 per cent of the theoretical amount) (Note 5). In 
order to convert this into a product melting at 126-127 (Note 4), 
it is recrystallized from three times its weight of dry benzene. 



2. Notes 

r. The benzene is most satisfactorily dried by distillation, the 
moist forerun being rejected. 

2. The reaction may become so vigorous that it is necessary 
to interrupt the heating for a short time. 

3. The filtration should be carried out under a hood, on 
account of the presence of some unchanged thionyl chloride. 

4. It is stated in the literature that the pure compound melts 
at 128 . It is very sensitive to moist air, which converts it into 
the free add. 

5. With larger quantities the yields are significantly increased; 
the submitters of these directions obtained 74-81 per cent of the 
theoretical amount with runs of 7.5 moles. 
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3. Methods of Preparation 

0-Sulfoberi2oic anhydride has been prepared from the free 
add by heating alone or with phosphorus pentoxide * and by 
treating it with acetyl chloride; 2 from the neutral potassium salt 
by warming with phosphorus pentachloride; 2 from the acid 
potassium salt by warming with phosphorus pentachloride 3 or 
thionyl chloride, 4 and by heating it with phosphorus pentoxide 
to 400 °. s The present method is a modification of that of White 
and Acree 6 who heated the acid ammonium salt with an excess 
of thionyl chloride and extracted the product with benzene. 

1 Remsen and Dohme, Amer. Chern. J. 11, 343 (1889). 

* FaJilberg and Barge, Ber. 22, 757 (18S9). 
3 Sohon, Amer. Chem. J. 20, 258 (1898). 

* Cobb, Am. Chem. J. 35, 499 (1906). 

6 Heitman, J. Am. Chem. Soe. 34, 1594 (1912). 

* White and Acree, Am. Chem. J. 41, 1197 (1919). 



XXIX 
C-TETRAHYDR0-/3-NAPHTHYLAMINE 

CH 2 



NH 2 

+ 4 [H](Na + CjHnOH) 



,CHNH 2 



\/S/ 



CH 2 
CH 2 



Submitted by E. B. H. Waser and H. Molleeing. 
Checked by Roger Adams and W. W. Moyee. 

1. Procedure 

A i-l. wide-neck round-bottom flask is set into an iron dish 
of about 1.3-1.5 1. capacity and the space in between is filled 
with fine sand so that the flask rests about 1 cm. from the bottom 
of the dish (Note 1). In the flask is placed 26 g. (1.1 moles) 
(twice the theoretical amount) of sodium cut into thin slices 
(Note 2), and the flask is then closed with a tight-fitting cork 
stopper through which is inserted a separatory funnel (Note 3) 
and a long, wide, Liebig condenser through the jacket of which 
is passed downward a rapid current of air (Note 4) . 

While preparing this set-up a solution of 20 g. (0.14 mole) of 
j8-naphthylamine in 250 cc. of isoamyl alcohol (dried by distilling 
off a moist forerun) is heated to boiling. The boiling solution 
is poured in a stream through the separatory funnel into the 
flask upon the sodium and then washed down with 50 cc. of 
boiling isoamyl alcohol. A very violent reaction begins imme- 
diately which slows up after about five minutes and then must 
be aided by warming. The flame is so regulated that the 
reaction mixture is always boiling very vigorously until all of 
the sodium is dissolved. This generally requires about three 
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or four hours. If after three hours the sodium is not completely 
dissolved it is advisable, in order to hasten the reaction, to add 
50 cc. more of isoamyl alcohol. 

When all of the sodium is completely dissolved, the hot, 
yellow solution is allowed to cool to about ioo° and then poured 
into 500 cc. of cold water. The mixture is allowed to cool com- 
pletely with frequent shaking and then the upper isoamyl 
alcohol layer is separated from the water layer which contains 
the principal part of the sodium hydroxide. 

The reduction is repeated four times with 20 g. of (3-naph- 
thylamine so that altogether 100 g. of naphthylamine has been 
reduced (Note 5). The isoamyl alcohol solutions from all five 
portions are combined and concentrated hydrochloric acid is 
added until the solution is just acid to litmus. For this purpose 
usually about 40-50 cc. is needed (Note 6). The greater part 
of the isoamyl alcohol is now distilled from a large flask (about 
900-1100 cc. is recovered). 'The distillation is continued until 
a crust of crystals starts to form, and the residue is then cooled 
and treated with 200-300 cc. of water and about 300 cc. of 
'50 per cent potassium hydroxide solution. The base which 
separates is extracted in the separately funnel with four 400- 
500 cc. portions of ether and the ether extracts combined in a. 
flask with a wide neck. 

The flask is set in ice water and a rapid stream of carbon 
dioxide which has previously passed through two wash bottles 
containing water (Note 7), is passed in. After about a quarter 
of an hour the liquid begins to become cloudy and soon after 
there follows a rather rapid separation of the carbonate of the 
strongly basic alicyclic' compound, while the aromatic base does 
not react and remains in solution. The carbon dioxide is passed 
in continuously until no more carbonate separates; this requires 
about four to six hours. The carbonate is filtered by suction 
on a Biichner funnel and washed with a little dry ether. The 
filtrate is again treated with carbon dioxide; there is often 
obtained still more carbonate which is added to the precipitate 
(Note 8). 

For further purification, the almost dry carbonate is dissolved 
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in 500-600 cc. of 7 per cent acetic acid and the solution is filtered 
from the dark impurities. The clear, almost colorless solution 
is decomposed with a large excess of potassium hydroxide (about 
200 cc. of a 50 per cent solution), whereupon the alicyclic base 
separates as a light-brown oil which collects on the surface of the 
water solution and is extracted as rapidly as possible by shaking 
three or four times with ether. The ether solution is dried for 




Fig. i. 



at least six hours with about 90-100 g. of potassium hydroxide 
(Note 9). The distillation of the ether is carried out most con- 
veniently in a specially designed Claisen flask (Org. Syn. 1, 40) 
of a 100-150 cc. capacity, the ether solution gradually being 
added to the flask from the separatory funnel. 

The base is distilled in a vacuum obtained by a water pump, 
because it is easily decomposed under ordinary pressure. For 
this distillation a flask of the form shown in Fig. 1 is recommended 
for use (Note 10) though not essential. 

Since the base is sensitive to oxygen, dry hydrogen is passed 
through the capillary tube used in the distillation (Note 11). 
The distillation of the base runs very smoothly and the liquid 
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distils over from beginning to end almost constantly within a 
degree. 

The yield of pure distilled base, b.p. n8.5°/8 mm., 127.5- 
i28°/i2 mm., 140-140. 5 / 20 mm., amounts to 53-59 g. (51-57 
per cent of the theoretical amount). The pure base can be 
preserved only by sealing it in ampules (containing as little 
air as possible) immediately after distillation. The ac.-tetra.- 
hydro-/3-naphthylamine is a colorless, water-clear liquid which 
shows no fluorescence (Note 12), and possesses a strong odor 
similar to piperidine. In the air the base soon turns brown, 
rapidly absorbs carbon dioxide and changes to the carbonate. 

The hydrochloride of the »<zc.-tetrahydro-/3-naphthylamine 
can be obtained readily by neutralizing a dry ether solution of the 
base with an ether solution of hydrogen chloride. It crystallizes 
from water in large plates which melt at 237°. 

2. Notes 

1. In place of the sand bath it is possible to use an ordinary 
wire gauze or a Babo's air bath but the danger of a fire due to a 
sudden breaking of the flask during the very violent reaction at 
the beginning is considerably greater. The experiment is best 
carried out using a sand bath. The hands should be protected 
with gloves and the eyes with glasses. 

2. After many experiments this amount of sodium was found 
to be the optimum. By the use of smaller quantities of sodium 
and /3-naphthylamine the yield drops; with larger amounts the 
danger of breaking the glass flask increases. It is probably pos- 
sible to use copper flasks but it is then impossible to see how the 
reaction is running. 

3. The stopcock of the separatory funnel must have as wide 
a hole as possible so that the isoamyl alcohol can enter in a rapid 
stream. 

4. If a water condenser is used the condensation is much 
more efficient but the danger of breaking is then much greater. 
A brass inner tube in place of a glass one is desirable. If the 
condenser tube is too narrow, there is danger that the violently 
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boiling isoamyl alcohol will be thrown out at the beginning of 
the reaction because it cannot flow back. 

5. By working up less than 100 g. of (3-naphthylamine the 
yield decreases rather rapidly on account of the various possi- 
bilities for loss in the later operations. 

6. An excess of acid does no harm but makes the recovery of 
the isoamyl alcohol more difficult. 

7. If an efficient reflux condenser is attached to the flask the 
major part of the ether can be recovered. It is necessary to be 
sure that the carbon dioxide is actually moist because otherwise 
the carbonate will not form at all or only very slowly. 

8. The ether filtrates contain dihydronaphthalene and 
ar-tetrahydro-/3-naphthylamine. 

9. Since tie free base reacts very strongly alkaline and also 
is sensitive, it is not possible to allow it to remain long in the air 
or loss will occur due to carbonate formation and oxidation. 

10. The suggested flask has the following advantages over 
other forms: 

(a) The chance for contaminating the boiling base with rub- 
ber is reduced to a minimum; the capillsury and thermometer are 
attached to the distillation flask by means of small rubber tubing. 

(A) The loss due to the substance which remains on the walls 
of the flask is reduced to a minimum as compared to other flasks. 

(c) The substances can, with the help of the capillary be dis- 
tilled over to the last drop, which is not possible in a round 
flask. 

11. This apparatus has also proved itself very useful for the 
distillation of other substances sensitive to oxygen. 

12. Fluorescence arises from aromatic by-products which, 
however, can be entirely separated by careful work. Pure 
ac-tetrahydro-/S-naphthylamine gives no color with diazobenzene 
sulfonic acid. 

13. Of special interest is the extremely powerful physiolog- 
ical action of the tetrahydro base and its salts, 1 which makes 

' Bamberger and Filehne, Ber. 22, 777 (i88g); Stem, Virchows Archiv., 115, 
14 (1889); 117, 418 (1889); Pick, Arch. f. exp. Pathologie u, Pharmakologie 
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it advisable to handle it carefully. The action can be called 
a symptom-complex to which Barger has assigned the name, 
"sympathomimetic," and it consists in a maximum dilation of 
the pupils (mydriasis), in a marked increase in the arterial blood 
pressure and in an increase in the rapidity of breathing. 

3. Methods of Preparation 

Up to the present the only method used for the reduction of 
(S-naphthylamine for obtaining the tetrahydro base has been 
with sodium and alcohol. This method was first described by 
Bamberger and Miiller. 2 It is possible to substitute ethyl alcohol 
for amyl alcohol but the yield is distinctly lower. The base has 
been resolved into its optically active components. 3 

(A. Path ) 42, 399 (1899); Weichowsk, A. Path. 62, 417 (1905); Jonesm, A. Path. 
6®> 345 ( z 9°9)> Cloetta and Waser, A. Path. 73, 398^436 (1913), 75, 406 (1914); 
77, 16 (1914); 79, 30 (191 5); 98, iyS (1923); Sachajof, Zeitschr. f. exp. Pathologie u. 
Therapie, 7, 225 (1909). 

! Bamberger and Muller, Ber. 21, 84 7 ( 1888) ; see also Bamberger and Kitschelt, 
Ber. 23, 876 (1890); Waser, Ber. 49, 1202 (1916); Cloetta and Waser, A. Path. 
73, 398 (1913); 98, 198 (1923). 

'Pope and Harvey, J. Chem. Soc. 79, 74 (1901), Waser, A. Path. 73, 401 
(1913)- 



LATER REFERENCES TO PREPARATIONS IN 
PRECEDING VOLUMES 

(The following references are to methods of possible preparative value that 
have been recently described. The numbers in parentheses following the name 
of a compound refer to the volume and page of Organic Syntheses.) 

Acetal (3, i): 

(a) From ethyl alcohol and paraldehyde, using ^-toluenesul- 
fonic acid or hydrogen chloride as catalyst. Bedtjw^, Bull. soc. 
chim. Belg. 34, 41 (1925). 

(&) By the interaction of ethyl alcohol and metaldehyde in 
presence of calcium chloride, a trace of hydrogen chloride, and 
high-boiling (200-300°) petroleum. The acetal is removed from 
the reaction mixture by virtue of its solubility in the petroleum. 
The yields arc stated to reach 90 per cent of the theoretical 
amount. Fotjque and Cabanac, Bull. soc. chim. 39, 1184 
(1926). 

(c) Calcium chloride is stated to be a better catalyst than 
ferric chloride for the formation of diethyl acetal, though the 
reverse is the case for dimethyl acetal. Adams and Adkins, 
J. Amer. Chem. Soc. 47, 1358 (1925). 

Acetamide (3, 3): 

By passing the vapor of methyl alcohol and hydrogen cyanide 
over catalysts at high temperatures. Smith and Smith, can. 
pat. 274,065 (1927). 

Adipic acid (5, 9): 

Isolation from cellulose waste liquors. Melander and 
Wallin, Swed. pat. 62,919 [C. A. 21, 4069(1927)]. 

2-Arabinose (8, 18): 

Same procedure as described in Org. Syn. Anderson and 
Sands, J. Am. Chem. Soc. 48, 3172 (1926). 

90 
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Butyl Butyrate (5, 23) : 

By oxidizing butyl alcohol with sodium chlorate and dilute 
sulfuric acid, using vanadium pentoxide as a catalyst. Milas, 
J. Amer. Chem. Soc. 50, 493 (1928). 

This reaction may lead to violent explosions if the sodium 
chlorate be replaced by potassium perchlorate and if the tem- 
perature be not carefully controlled. Wagner, J. Amer. Chem. 
Soc. 50, 1233 (1928). 

/>-Cresol(3, 37): 

Traces of isomeric cresols may be removed by treatment with 
quinone chloroimide. Gibbs, J. Amer. Chem. Soc. 49, 839 
(1927). 

Cyclopentanone (5, 37): 

Occurrence in lignite distillation products. Vorlander and 
Gornandt, Z. Angew Chem. 39, rn6 (1926). 

Ethyl cyanoacetate (3, 53; 8, 74): 

The W. A. Noyes method of preparation [J. Am. Chem. Soc. 
26, 1545 (1904)] from ethyl chloroacetate and potassium cyanide 
in methyl alcoholic solution gives a mixture of methyl and ethyl 
esters. Ukushibana, Bull. Chem. Soc. Japan 2, 143 (1927) 
JC A. 21, 2879 (1927)]. 

2-Furancarboxylic acid (6, 44) : 

Subsequent to the Cannizzaro reaction, sufficient sulfuric 
acid is added to liberate substantially all of the pyromucic add 
and to cause resinification in situ of the 2-furylcarbinol when the 
mixture is heated. Trickey and Miner, U. S. pat. 1,665,236 
[C. A. 22, 1783 (1928)]. 

Furfural (1, 49) : 

From oat hulls. BRONLEE,1nd. Eng. Chem. 18, 422 (1927). 

i-Glutamic acid (5, 63) : 

Recovery from molasses waste. Tressler, Can. pat. 
268,728. [C. A. 21, 2395 (1927).] 
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Glycerol a-monochlorhydrin (2, 35) : 

By heating epichlorhydrin with water in the presence of 
sulfuric acid as a catalyst. Foubneau and Ribas y Marques, 
Bull. soc. chim. (4) 39, 700 (1926) ; see also Boeseken and 
Hermans, Rec. trav. chim. 42, 1106 (1923). 

Hydroxylarnine salts (3, 61): 

By electrolytic reduction of sodium nitrate in 65 per cent 
sulfuric acid. PoNZioand Pichetio, Chem. Abstr. 19, 239 (1925). 

Mandelic acid (6, 58) : 

From phenylglyoxal by means of biocatalysts. [Mayer, 
Biochem. Z. 174, 420 (1926)] and by enzyme action [Kuhn 
and Heckscher, Z. physiol. Chem. 160, 116 (1926)]. 

Mercury Di-^-Tolyl (3, 65) : 

By treating ^>-tolyl mercuric chloride with copper in pyridine. 
This appears to be a general method. Hein and Wagler, 
Ber. 58, 1499 (1925). 

»t-Nitro Chlorobenzene (3, 79): 

From w-nitroaniline by the Sandmeyer reaction. Kohman, 
J. Phys. Chem. 29, 1052 (1925). 

Nitromethane (3, 83): 

By heating methyl ^-toluenesulfonate with sodium nitrite. 
Rodionow, Alexeieff and Carcabras, Bull. Soc. Chim. (4) 39, 
324 (1926). 

ra-Nitrophenol (3, 87): 

Formed in 2-3 per cent yield (together with ortho and para 
derivatives) by nitrating phenol in glacial acetic acid. Arnall. 
J. Chem. Soc. 125, 811 (1924). 

Nitrourea (5, 85) : 

New method of purification by recrystallization from alcohol. 
Whlstattee and Pfannensttel, Ber. sgB, 1870 (1926). 
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Quinizarin (6, 78) : 

Differs from the general procedure described in Org. Syn. by 
starting with a mixture of 0- and />-chlorophenol and heating 
above 200 . Dodd, Sprent and United Alkali Co., Ltd., Brit, 
pat. 245,584 (1924). [C. A. 21, 249 (1927)]. 

Styrene (8, 84) : 

Separated from carburetted water gas drip oil by fraction- 
ation. Brown, U. S. pat. 1,640,975 [C. A. 21, 3449 (1927)]. 



SUBJECT INDEX 

(This Index Comprises Material from all Volumes of this Series) 

(Names of compounds in small capital letters indicate substances for which directions 
are given, the numbers in hold face type refer to volumes of Organic Syntheses, numbers in 
italics refer to pages in those volumes on which preparative directions are given, and num- 
bers in Arabic refer to pages on which the compounds or subjects are mentioned in connec- 
tion with other preparations. For example: Acetoacetic Ester, 4, 45; 6. 36 indicates 
that acetoacetic ester is mentioned in volume 4 on page 4s and that directions for its prepara- 
tion are given in detail in volume 6 on page 36; Acetophenone, 2, 1 indicates that this sub- 
stance is mentioned in volume 2 on page 1 but that no directions for its preparation are 
given in this series.) 



Absolute Alcohol, 4, n, 2g; 5, 53, 55, 
5 6 > 591 7 j 8j io, 36, 37 (see qlso 
Ethyl alcohol) 

Absolute Methyl Alcohol, 7, 28, 2g 

Absorption trap for gases, 8, 26, 28 

Acetal, 3, 1; 8, go 

Acetaldehyde, S, 1, 91, 52; 4, 53; 6, 17; 

9,4 

Acetautde, 3, 3; 9, 90 
acetamtdine hydkochioride, 8, 7, 2 
/l-acetaminobenzene sulfinic acid, 
5, i, 3 

/-AcETAMINOBENZENE SlJLFONYL CHLO- 
RIDE, 5, i, j 
Acetanilide, 4, 40; 5, 1, 3 
Acetic acid, 2, 18, 33, 64; 3, 3, 11, 45; 

4. 5. 47! «, 8, 52; 7,3i, 32; 8, 1, jo, 

78, 98; 9, 38 
Acetic anhydride, 3, 21; 4, 35; 3, 17, 

83; 7, 22, 44, 74, 86 
Acetimido ethyl ether hydrochloride, 8, 

1 
Acetoacetic Ester, 4, 45 ; 6, 36; 7,36, 

37, 6° 
Acetoacetic Estee Synthesis, 7, 36 
Acetone, 1, 45, 47, 53, 54; 2, 41; 3, 17, 

58, Si; 4,39; 5,87; 6,40; 7,8,42,43 
Acetone Dicarboxyuc Acid, 5, j, 53 
Acetonitrile, 8, 1, 2 



Acetophenone, 2, 1; 5, ig 

Acetopyruvic Ester (Ethyl), 6, 40 

Acetoxime, 3, 62 

^-Acetotoluide, 6, 8 

Acetylation, 4, 1, 35, 40; 6, 8 

Acetyl chloride, 4, 1 

Acetylene, 4, 23 

Acetyl mandelic acid, 4, 1 

Acetyl Mandelyl Chloride, 4, 1 

Acid potassium sulfate, 6, 2 

Acid Ammonium o-Sulfobenzoate, 9, 

1, 80 
Acrolein, 6, 1; 8, 54, 120 
Acrylic acid, 7, 56; 8, 55 
Active ainyl alcohol, 7, 77 
Addition reactions, 4, 23; 5, 31, 99; 6, 

28; 8, 54, 88, 102 
Addition to ethylenic linkage, 



5, 31. 



99 



Addition to ethylene oxide linkage, 8, 12 
Addition to quinone, 4, 35 
Addition to triple bond, 4, 23 
Addition to a, ^-unsaturated com- 
pounds, 4, 2g; 6, 28 
Addition tube, 3-way, 7, 13 
Adipic Acid, 5, o, 37; 9, 90 
Ajinomoto, 5, 66 
(^-Alanine, 9, 4 
Alcoholic potash, 7, 77 
Alcoholysis, 2, 27; 7, 28 
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Aliphatic compounds — > aromatic com- 
pounds, 2, 4 
Alkali fusion, 3, 37 
Alkylation, i, it, 59 
Alkyl Bromides, 1, 1 
Alkyl Chlorides, 8, 50, 1 1 2 
Alkylene bromides, 1, 1, 8, g 
Allyl Alcohol, 1, 3, ir, is; 7, 00 
Allyl Bromide, 1, 1, 3, 11, 17; 5, 43, 

99; 8 . 4 
Allyl Cyanide, 8, 4 
Aluminum, test for, 9, q 
Aluminium chloride, 4, 73,. 81; 5, 17; 

8, 26 
Amtnoacetic Acid, 4, 31 
#-Aminobcn2oic acid, 7, 59 
^-Aminobenzophenone, 7, 26 
a-AmNOCAPR0ic Acid, 4, j 
1, 4-Aminonaphthol Hydrochloride:, 

8, 7/ 5, 79 
/>-Amtnophenylacetic Acid, 3, 11 
^-Aminophenylarsonic Acid, 3, 13 
Aminothymol, 6, 93 
Ammelide, 7, 46 
Ammeline, 7, 46 
Ammonation, 2, 75; 8, 1 
Ammonia, 4, 19; B, 28; 7, 17, 32, 47, 

55, 65; 8> h 2 
Ammonia, aqueous, 2, 37, 75; 3, n; 4, 

3; 6, 28, 72; 7, 16, 17, 31; 9, 36 
Ammonium acetate, 3, 12 
Ammonium ^-ammophenylacetate, 3, 

11 
Ammonium carbamate, 9, 25 
Ammonium carbonate, 2, 75; 3, 3, 4; 

4, 20 
Ammonium chloride, 1, 75, 79, 81; 3, 

671 i, 47, 57; f, 16, 31; 8, 2; 9, 4 
Ammonium mucate, 9, 78 
Ammonium nitrate, 7, 46, 68 
Ammonium phenyl dithiocarbamate, 6, 

72 
Ammonium Salt of Aurin Tricar- 
boxylic Acm, 9, 8 
Ammonium sulfide, 3, 11 
Ammonium thiocyanate, 7, 48 
Ammonolysis, 4, 3; 7, 16; 9, 36 
iio-Amyl alcohol, 1, 4, 10; 9, 84 



Amyl alcohol, active, 7, 77 

wo-Amyl Bromide, 1, r, 2, 4, ro 

m-Amyx Methyl Ketone, 7, 60 

K-Amyl propiolic acid, 7, 62 

Analysis of Benzoylhydroperoxide, 8, 32 

Analysis of Benzoylperoxide, 8, 31 

A vh ydro-o-Hydroxymerc ur ibenzoic 

Acm, 7, 3 
Anhydro-2-Hydroxymercuri-3-Nitro 

benzoic Aero, 7, 1, 12 
Aniline, 2, 71, 79; 3, 7, 13; 4, 40; 5, 13, 

71; 8, 72; 7, 6; 8,22,38 
Aniline arsenate, 3, 13 
Aniline hydrochloride, 3, 9s 
Anisole, 9, 12 
Anthracene, 3, 41 

Anthranilic acid, 2, 47; 7, 31, 32, 33 
Anthraquinone, 8, 8 
AnthRone, 8, S, 78 
Anti-foam agents, 7, 33 
Antimony trichloride, 7, 80 
Anti-oxygen, 8, 85 
Aqua regia, 8, 97 
Arabikose, 8, IS; 9, go 
Arsanilic Acid, 3, 13; 8, 100 
Arsenation (see Arsonation) 
Arsenic acid, 3, 13, 14; 4, 6s 
Arsenious oxide, 4, 5, 27; 9, 56 
Arsenoacetic Acid, 4, 5 
Arsonation, 3, 13; 4, 5, 65 
Arsonoacetic Acid, 4, 5 
/,-Arsonophenoxyacetic Acid, 7, 4 
^-Arsonophenylglycinamide, 8, 100 
Asbestos stoppers, 5, 9 
Aurin Tricarboxylic Acid, 9, S 
o-Azobenzoic acid, 7, 33 
Azo compounds, 7, 33 

B 
Barium arsonoacetate, 4, 5 
Barium chloride, 4, 5 
Barium 2-furancarboxylate, 7, 41 
Barium hydroxide, 1, 45, 46; 4, 66; 5, 

37 
Benzalacetone, 3, ij 
Benzalacetophenone, 2, 1; 8, 36, 61 
Benzalacetophenone dibromide, 8, 60 
Benzalaniline, 6, 13; 8, 22 
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Benzaldehyde, 1, 33; 2, 1, 5; 8, 17; S, 
13, !5J 6> 58; ?, 2i> 22; 8, 16, 22, 96; 
9, $8, 60, 66 

Benzalpinacolone, 5, 15 

Benzamlide, 7, d, 24, 25, 26 

Benzene 7 4, 25, 81; 5, 87; 7, 21, 44, 79; 

8, 8, 26, 43, 70, 78, 109, 117; 9, 46 
Benzeneazo-a-naphthol, 3, 8 
Benzencdiazonium chloride, 3, 7 
Benzenesulfonyl Chloride, 1, 21, 71, 

72, 81; 8, 120 
Benztl, 1, 25, 29, 30; 6, 6; 8, 120 
Benzilic Acid, I, 2q; 3, 45 ; 8, 1 20 
^-Benzoboric acid, 7, ig 
Benzohydrol, 8, 24 
Benzoic acid, 1, 30; 2, 5; 8, 21; 5, 77; 

7, 6, 7; 8, 69, 102 
Benzoic Anhydride, 3, ,?z,- 7, 7 
Benzoin, 1, 25, 26, 33; 6, 6; 7, 90 
Benzonitrile, 9, 70 
Benzophenone, 8, 24, 26 
Benzophenone dichloride, 8, 27 
Benzoottdjone, 2, 85; 4, 3; 
Benozyl acetate, 3, 22 
Benzoylation, 9, 17, 18 
Benzoyl chloride, 7, 7; 9, 17, iS 
Benzoylformic acid, 8, 60 
Benzoylhydropekoxide, 8, 30, 102 
Benzoylperoxide, 8, 30 
Benzoyl PrPERrorNE, 9, r<5, 70 
Benzylacetophenone, 8, 36 
Benzyl alcohol, 2, 5 
Benzylaniline, 8, 38 
Benzyl Benzoate, 2, 5 
Benzyl chloride, 2, 9; 4, 59; 8, 38 
Benzyl Cyanide, 2, p, 27, 57, 63 
Benzylmagnesium chloride, 4, 59; 6, 2r 
Biguanide nitrate, 7, 46 
Binder, calcium chloride solution, 5, 8r 
Borax, 4, 46 
Boric acid, 6, 78 
Bromination, 1, 35, 39; 3, 41; 4, 9; 

6,8; 7, 34; 8, 46, 61; 9, 20 
Bromine, 1, 2, 3, 35, 39; 3, 41; 4, 9; 

5, 99; 6, 8; 7, 12, 34; 8, 46, 61, 108; 

9, 20, 70 
Bromine, Dry, 7, 3; 
Bromine in glycerol, 4, 14, 38 



3-Bromo-4-acetaminotoluene, 6, 9 
Bromoacetic acid, 7, 22 
^-Bromoacetophenone, a, 17; 9, 20 
3-Bromo-4-Amtnotoluene, 6, 8, 16 
^-Bromoaniline, 8, 42 
Bromobcnzene, 5, 17, 77; 6, 32; 7, 80; 

9,54 
2-Bromobenzoic acfd, 7, 14 
a-BRoMO-w-CAPHOic Aero, 4, 3, p 
2-Bromodecene-i, 6, 21, 27 
/j-Beomodd?henyl, 8, 42 
2-Beomoethanol, 6, 12 
S-Beomoethylpethaiimide, 7, 8 
Bromoform, 8, 108; 9, 56 
Beomomalonic Estee, 7, 34, 78, 79 
a-beomonaphthalene, 1, 3$ 
fm-bromonithobenzene. 8, 46 
2-Bkomo-3-Niteoeenzoic Aero, 7, 12, 

H 
2-Bromo-s-Nitrobenzoic Acid, 7, 14 
^-Bromophenacyl Bromide, 9, 20 
o-Bromophenol, 1, 40, 41 
^-Beomophenol, 1, Jp 
Bromoplatinic acid, 8, 97 
/S Bromopropionic Acid, 3, 23, 51; 7, 56 
iS-Bromostyrene, 2, 07 
0-bromotoltjene, 9, 22 
to-Bromotoluene, 6, 16 
^-Bromotoltjene, 5, 21; 7, 81 
Brucine, 6, 69 
Burner, Fletcher, 7, 18 
w-Butylacetoacetic Estee (Ethyl), 

7, 36, 60, 62 
M-Butyl alcohol, 1, 5, 6; 3, 69; 5, 23, 27; 

7, 33; 8, 20; 9, 24, 28 
sec-Butyl alcohol, 5, 76 
tert.-Butyl alcohol, 8, 50 
M-Butyl allophanate, 9, 25 
«-BrrrYL Bromide, I, 2, 5, 10; 4, ri; 

6, 77; 6, 54; ?, 3°, 37 
sec-Butyl bromide, 5, 75 
m-Butyl »-Butyrate, 5, 23; 7, 90; 8, 

120; 9, 91 
w-Bt/tyl Carbamate, 9, 24 
sec-Butyl carbinol, 7, 77 
»-Butyl Chloride, 5, 27 
sec-Butyl chloride, 5, 28 
/eff.-BuTYL Chloride, 8, so, 104 
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b-Butyl Malonic Estee (Ethyl), 4, 

II 
B-Butyl nitrite, 4, 19, 20 

M-BUTYL i>-TOLUENESULFONATE, 9, 28 

«-Butyric acid, 9, 32 
re-BuiYRVL Chloride, 9, 32 



Calcium carbide, 4, 25 

Calcium carbonate, 8, 18 

Calcium chloride, 3, 1, 34, 84, 92; 7, fir, 

79; 8 , 5°, S 2 , 10 9 
Calcium chloride tube, 7, 24; 8, 1 
Calcium cyanamide, 5, 45 
Calcium oxide, 4, 53 
Calcium >«e.f0-tartrate, 6, 83 
Calcium succinate, 7, 41 
Calcium sulfate, 8, 18 
Calomel, 3, 100; 7, 19 
Cane sugar, 9, 50 
Cannizzaro reaction, 6, 44, 47 
»-Caproic acid, 4, 9 
Capryl alcohol (see Methyl hexyl car- 

binol) 
Carbanilide, 3, 95 

Carbon dioxide, 5, 75; 7, 1, 60; 8, 105 
Carbon disulfide, 1, 39, 41; 6, 17; 6, 7a, 

86; 7, 9 
Carbon tetrabromide, 8, 10S 
Carbon tetrachloride, 1, 17, 67, 70; 2, 

23; 8> 2 5, 4 1 , S 1 ) 7 6 i 4, 29, 81; 5, 99; 

7, 34; 8, 26, 61 
Castor oil, 1, 61, 63, 65 
Catalysis, 4, 23 
Catalytic poisons, 8, 98 
Catalytic promoters, 8, 98 
Catalytic reduction, 8, 36, 66 
Catalytic reduction apparatus, 8, 10 
Catechol, 3, 27, 28; 8, 85 
Catechol monomethyl ether, 3, 28 
C-C linkage, formation of, 7, 30 
Chloral hydrate, 5, 7 1 
Chlorination, 6, 86 ; 9, 34 
Chlorine, 2, 37; 5, 3r; 6, 86; 9, 34 
Chloroacetamide, 7, 16; 8, 100 
Chloroacetic acid, 3, 53, 83; 4, 5; 7, 4, 

20, 22; 8, 74 
/>-Chloroacetophenone, 5, 19 



Chloroacetyl chloride, 7, 17 
^-Chloroaniline, 6, 18 
o-Chlorobenzaldehyde, 9, 34 
Chlorobenzene, 1, 21; 5, ig; 7, 82 
o-Chlorobenzoic acid, 7, 32 
o-Chlorobenzoyl Chloride, 9, 34 
-y-chlorobutyroniteile, 8, j2 

0-ChXOROCYCLOHEXANOL, 5, jl, 35 

Chloroform, 1, 8i; 3, 68; 4, 37; 5, 55; 
8, 31, 52, 102 

p-CHLOEOMEECtIRIEENZOIC ACEO, 7, l8, 

58, 59 
O-ChXOROMERCURIPHINOL, 4, 13 

^-Chloromercuriphenol, 4, 13 
Chloromethyl ether (see monochloro- 

methyl ether) 
o-Chloronitrobenzene, 8, 64 
2-Chloropentane, 5, 28 
/>-Chlorophenol, 6, 78 
^-Chlorophenyl Isothiocyanate, 8, 

18 
^-Chlorophenyl Mustard Otx, 6, 18 
Chloroplatinicacid, 8, 92 
/9-Chloropropionaldehyde, 8, 54 
/9-Chioropkopionic acid, 8, 34, 58 
Chlorosulfonic acid, 5, 3 
o-Chlorotoluene, 3, 33 
^-Chlorotoluene, 3, 34 
Chromic acid, 7, 33, 63 
Chromic acid mixture, 7, 59 
Cinnamic acid, 8, 84; 9, 43 
Citric acid, 5, 5 
Claisen condensation, 2, 1 
Condensation, 1, 33, 45; 2, 1, 5, 41, 79; 

3, 17; 4,-15, 23, 29,43,45, 53, 73, 81; 
5, 15, 37, 7i, 83; 6, 36, 40, 78, 83; 7, 

4, 6, 20, 24, 42; 8, 22, 38 
Condensation, acetoacetic ester, 6, 36 
Condensation, "aldol," 1, 45; 4, 53 
Condensation, benzoin, 1, 33 
Condensation, benzyl benzoate, 2, 5 
Condensation, Claisen-Schmidt, 2, 1; 3, 

17; 5, 15; 7, 42 
Condensation, "crotonaldehyde," 2, 41; 

7, 20 
Condensation, isatin, 5, 71 
Condensation, phenylurea, 3, 95 
Condensation, xanthone, 7, 84 
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Congo red, 3, 15, 61; 5, 39, 40, 72; 7, 13, 
31; 8, 100 

Copper acetate, 8, 61 

Copper bronze, 6, 16 

Copper powder, 8, 116 

Copper sulfate, 2, 38; 3, 33, 79; 5, 21; 
6, 6; 7, 30; 8, 4 

Copper turnings, 5, 21 

Cork-pine wood for diaphragms in elec- 
trolytic reductions, 5, 95 

Corn-cobs, 1, 49, 51 

Coupling of diazomum salts, 2, 47; 

3,7 

Coupling reaction, 2, 47; 3, 7 
Creatin, 4, 15 
Creatinine, 4, 15 
Creatinine picrate, 4, 16 
Creatinine 2inc chloride, 4, 15 
/>-Cresol, 3, J7; 9, 91 

CuPTERRON, 4, 19 

Cuprous bromide, 5, 21 

Cuprous chloride, 3, 12,1 34, 7°; *,' °9S 

',3° 
Cuprous cyanide, 4, 69; 8, 4 
Cuprous Hydroxide, 7, 30 
Cuprous oxide, 6, 6; 7, a 
Cyanoacetamide, 9, 36 
Cyanoacetic acid, 7, 22; 8, 74 
Cyanoacetic ester (ethyl), 7, 21 
Cyanogen, 8, 4 
Cyanohydrin synthesis, 6, ;& 
o-Cyano-jS-Phenylacrylic Acid, 7, 20, 

21; 8, 88 
Cyanuric acid, 9, 24 
Cyclohexanol, 5, g, ^ 
Cyciohexene, 5, 31, 33 
Cyclohexene Oxide, 5, jj 
CyclohexyL bromide, 5, 77; 6, 20, 22 
3-Cyclohexyi.-2-Bromofropene-i, 6, 

20, 26 
Cyclohexyl Carbinol, 6, zz; 7, 90; 

8,724 
Cyclohexyl chloride, 6, 24 
Cyclohexylmagnesium bromide, 6, 20 
Cyclohexylmagnesium chloride, 6, 24 
3-Cyclohexyl Propine-i, 6, z6 
Cycxopentanone, 5, 37; 9, 91 
/-Cystine, 5, 30 



D 

De-ammonation, 3, 95 
Decarboxylation, 2, 93; 8, 83; 4, 63, 77; 

5, 5, 37;', 4°; 8, 84 
Decine-T, 6, 27 

Decolorization with Zn and HC1, 8, 43 
Decolorizing carbon, 7, 5, 9, 25, 32, 33, 

64; 8, 20, 100 
Decomposition, 4, 39 
Dehydration, 1, 49, 53, 67; 2, 41; 3, 3, 

21; 4, 15, 43, 63; 5, 5, 33; 6, 1; 7, 68, 

70, 74, 76, 77 
Dehydrogenation, 1, 61 
Demethylation, 3, 28 

DlACETONAlCNE HYDROGEN OXALATE, 

6, 28 

Diacetone Alcohol, 1, 45, 53, 54 
Diagrams: 

Acetylene condensation, 4, 24 
Automatic extractor, 3, 88 
Automatic separation, 1, 64, 68; 2, 

23; *, 29 
Catalytic reduction, 8, 11, 15 
Concentration of liquids, 4, 54 
Condensation of low boiling liquids, 

1,76 
Dehydration with solvent, 2, 23 
Distillation flask, 9, 86 
Distillation flask and column, 1, 40 
Electrolytic reduction, 5, 94 
Esterification of non-volatile acid, 5, 

60 
Evaporation under reduced pressure, 

4,54 
Extraction and crystallization, 2, 49; 

3, 88 
Gas-absorption apparatus, 8, 28 
Hopper, 3, 87 

Hydrogen cyanide apparatus, 7, 50 
Manipulation of gases, 4, 24 
Mechanical stirrer, 1, 4, 12; 3, 29 
Mercury seal, 1, 4 
Fyrogenic decomposition, 4, 40 
Rapid evaporation, 4, 54 
Steam distillation, 1, 50; 2, 80 

with superheated steam under 
reduced pressure, 5, 80 
Stirring devices with reflux, 1, 12 
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Diaixyl Amine, 5, 43 
Diaixyl Cyanamide, 5, 43, 45 
Diazotization, 2, 47, 71, 80; 3, 7, 9, 33, 

79, 87, 89, 9i;'4, 69; 5, ai; 6, 16; 

7, 3°, 3 1 ; 8 , 80; 9, 22 
Dibenzalacetone, 3, iS 
Dibenzyl ether, 2, 6 

9, IO-DlBROMOANTHRACENE, 3, 41; 7, 90 

i, 4-Dibromonaphthalene, 1, 35, 36 
2, 4-Dibromophenol, 1, 40 

2, 3-Dibromopropene, 5, ^p; 6, 20, 21 
Di-jt-butyl amine, 5, 44 
Di-«-butyl cyanamide, 5, 44, 46 

a -y-DlCHLOEOACETONE, 2, TJ 

Dichlorohydrin, 2, 13 
Di--y-chloropiopyl ether, 8, 114 
Dicyanodiamide, 7, 46, 48 
a, /9-Dieyano-y3-phenylpropionate, 8, 89 
Diethylcarbinol, 7, 77 , 
Diethyl malonate, 4, 11, 27, 29; 7, 34, 35 
Diethyl sulfate, 4, 60 
Diiuralacetone, 7, 43 
Dihydroxymethylbenzopykone, 4, 4s 
Dimethylamine hydrochloride, 1, 81; 
3,68 

^-DlMETHYLAMDTOBENZALDEHYDE, 2, If 
/>-DlMETHYLAMINOBENZOPHENONE, 7, 24 

Dimethylaniline, 2, 17, 47; 7, 24, 26 
Dimethyl sulfate, 6, 96; 7, 26; 9, 12 

3, 5-Dinitkoanisole, 7, ^S 
Di-o-NirRopEENYL Disulfide, 8, 64 
DIBEN20YLMETHANE, 8, 60 

Diphenic Aero, 7, 30 
Diphenoxypropane, 9, 72 
Diphenyl, 7. 81 . 

DlPHENYLACETIC ACID, 3, 4} 

Diphenylamine, 8, 116 

«,0!-DlPHENYLETHYLENE, 6, J2 

Diphenylurea, 3, 95 
Diphthalimidoethane, 7, 9, 10 
Disodium phosphate, 4, 50 
Disproportionation, 1, 75, 79; 2, s> 67; 
«,44 

Dl-^-ToLYLETHANE (UnSYM.), 4, 2j 

Dynamite glycerine, 6, 4 



Epichloeohydrin, 3, 47 



Esterification, 2, 23, 27; 3, 27, 51, 53; 

5. 23. S3, 59; ', 44; 8, 68, 74, 88 
Ether (see Ethyl ether) 
Ethyl acetate, S, 96; 6, 32, 36; S, 36, 

98, 117; 9, 38 
Ethyl Acetoacetate, 4, 45; 6, 36; 7, 

36, 37, °° 
Ethylacetoacetic ester (ethyl), 7, 62 
Ethyl Acetone Dicarboxylate, 6, 53 
Ethyl Acetopyruvate, G, 40 
Ethyl Adipate, 5, n 
Ethyl alcohol, 1, 6; 2, 23, 27; 3, i, 51, 

54, 68, 69, 91; 4, 11, 29; 5, 15, 45, 

53, SS, S9, 10 3; 8 , r, 2 , '3, 16, 18, 20, 
32, 24, 30, 43, 52, 61, 64, 65, 66, 75, 
88, 98. 101, 119 

Ethyl ^-Amtnobenzoate, 8, 66 
Ethylation, 4, 59 
Ethylbenzene, 4, 25 
Ethyl benzoate, 8, 30, 71 
Ethyl Benzoylfokmate, 8, 68 
Ethyl Beomiujc, 1, i, 6; 8, 120 
Ethyl Bromomalonate, 7, 34, 78, 79 
Ethyl /9-Bkomoproptonate, 3, 51 
Ethyl »-Butylacetoacetate, 7, jrf, 

60, 62 
Ethyi »-Bhtylmaxonate, 4, 77 
Ethyl chloroacetate, 7, r6, 17 
Ethyl Ctnnamate, 9, 38 
Ethyl Cyanoacetate, 8, S3! ?, 21; 8, 

74; 9, 36, 91 
Ethyl <*-cyano-/3-phenylacrylate, 8, 88 
Ethylene bromide, 7, 9, 10; 9, 73 
Ethylene bromohydrin, 6, 12 
Ethylene chlorohydrin, 3, 57 
Ethylene Cyanohydrin, 3, 25, 57; 7, 

54, 56 

Ethylene oxide, 6, 12, 54 

Ethyl ether, 8, 47, 48; 4, 59, 81; 5, 7$, 

7, 3*, 33, 74, 75; 8, 31, 66, 69, 104 
Ethyl ether, anhydrous, 7, 75, 80 
Ethyl ethylacetoacetate, 7, 62 
Ethyl fumarite, 4, 29 
Ethyl glutarate, 5, n 
Ethyl hydracrylate, 8, 52 
Ethyl malonate, 4, 11, 27, 29; 7, 34, 35 
Ethyl mesoxalate, 4, 27 
Ethyl m-nitrobenzoate, 3, 72 
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Ethyl ^-nitrobenzoate, 8, 66 

Ethyl Orthoiormate, 5, jj 

Ethyl Oxalate, 2, 23; i, 50; 6, 40; 8, 

121 
Ethyl Oxomalonate, 4, 27 
Ethyl Phfnylacetatf, 2, 27 
Ethyl Propane- i, i, 2, 3-tetracar- 

BOXYLATE, 4, 2p, 77 

Ethyl succinate, 5, 10 

Ethyl sulfate, 4, 60 

Extraction, 2, 49; 3, 88, 6, g&; 7, 6, 9; 

9,54 
Extraction of nutmegs, 6, 100 



Fehling's solution, 1, 26 

Ferrous sulfate, 2, 79 

Ferrous sulfide, 3, 12 

Filtration, hot, 7, 1 

Filtration of strongly alkaline solution, 

7,i 9 
Filtros plate, 2, 43; 4, 43; 5, 7, 65, tfs; 

Flour, 5, 63 
Flour, gluten, 5, 65 
Foam formation, 7, 31 
Foam prevention, 7, 33; 8, 20 
Formaldehyde, 2, 17; 3, 67; 4, 47, 53; 

6, 23; 8, 96; 9, 8, 58 
Formalin (see Formaldehyde) 
Formic acid, 1, 15, 18 
Fractionating column, 3, 21 
Friedel and Crafts Reaction, 4, 73, 81; 

5, 17; 7, 26; 8, 26 
Fuller's earth, 7, 64 
Fumaric ester (ethyl), 4, 29 
Furan, 7, 40 
2-Furancarboxylic Acid, 6, 44; 7, 40, 

41, 90; 8, 121; 9, 51 
Furfural, 1, 4g; 6, 44; 7, 42, 90; 8, 

121; 9, 91 
Furfuralacetone, 7, 42 
Furfuryl Acetate, 7, 44 
Furfuryl alcohol, 6, 44 
Furoic Acid, 6, 44; 7, 40, 41 
Furylacrylic acid, 9, 45 
2-Furylcarbinol, 6, 44; 7,44; 8, 121 
2-Furyimfthyl Acetate, 7, 44 



Furylpropionic acid, 9, 45 
Fusions, 8, 92 

G 
Galactose, 8, 20; 9, 79 
Gallic acid, 6, 96 
Gelatine, 2, 37 
Glidine, 5, 66 
^-Glucose, 6, 64 
Glucoside formation, 7, 64 
(/-Glutamic Acid, 5, 63; 8, 121; 9, 91 
Glutaric Acid, 5, 10, 6g 
Gluten, 5, 63 
Glycerol, 1, 15, 17; 2, 29, 33, 79; 6, 2; 

9, 78 
Glycerol-**, 7-Dichxorohydrin, 2, 2p; 

3,47 
Glycerol-litharge cement, 8, 15 
Glycdrol-iz-Monochlorohydrin, 2, 

33; 6, 48; 9, 92 
ct-Glyceryl Phenyl Ether, 6, 48 
Glycine, 4, 31 
Glycocoll, 4, 31 
Grignard reaction, 4, sg; 5, 75; 6, 20, 

22, 32> 5+; 7 , 80; 8, 104 
Grignard reagent and esters, 6, 3 2 
Grignard reagent and ethylene oxide, 6, 

54 
Grignard reagent and halides, 6, 20; 7, 

8o 
Grignard reagent in the preparation of 

an acid, 5, 75; 8, 104 
Grignard reagent in the preparation of 

an alcohol, 6, 54 
Grignard reagent in the preparation of 

a hydrocarbon, 4, 59 
Grignard reagent to olefins, 6, 32 
Guaiacol, 3, 28 
Guanidine, 7, 69 

GtjANroiNE Nitrate, 7, 46, 68, 69 
Guanidine sulfate, J, 69 
Guanidine thiocyanate, 7, 48, 69 

H 

Hair, human, 5, 39 
Halogenation (see Bromination, etc.) 
Halogenation, indirect, 4, 37; 7, 12, 58 
^-Halogen benzoic acids, 7, 19 
Heptaldehyde, 8, 52 
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Heptanone-2, 7, 60 

Heptine-i, 7, 62 

Heptine-2, 7, 62 

b-Heptyl Alcohol, 6. 52 

Heptylmagnesiuin bromide, 6, 21 

Hexahydrobenzobenzoic acid, 5, 77 

Hexanobte-2, 7, 62 

b-Hexyl Alcohol, G, 54 

Hopper, 3, 47 

Hyeraceylic Acid, 7, 54 

Hydration, 7, 62 

Hydra2ine hydrate, 6, 74 

Hydrazine, Sulfate, 2, J7 

Hydriodic acid, 3, 45 

Hydrobeomic Acm, 1, 1, 2, 4, $6, 39; 

3, 25, 28, 43; 4, 31; 6, 12; 8, 97 
Hydrochloric acid, 8, 8, 42, 43, 50, 60, 

74, 81, 89, 94, 100 
Hydrochloride of aminonaphthol, 6, 94 
Hydrochloride o£ 3-bromo-4-aminoto- 

luene, 6, 9 
Hydboctnnamic Acid, 9, 42 
tf-Hydroformamine cyanide, 4, 47 
Hydrogen, 8, n, 12, 15, 36, 66 
Hydrogen chloride, 8, 1, 54, 88, 112, 117 
Hydrogen chloride generator, 2, 30; 8, 

"3, "4 
Hydbogen Cyanide (akhydeous),7, 50 
Hydrogen peroxide, 3, 27 
Hydrogen sulfide, 8, n; 6, 93; 7, 82 
Hydrolysis, 1, 49, 61; 2, 27, 59, 65; 3, 

2 5, 28 > 53, 61, 73; 4, 31, 77; 5, 39, 

43,63,69; 6,58,66; 7,24,48,56,64; 

8, 18, 27, 31, 88; 9, 1, 5, 64 
Hydroquinone, 2, 85; 6, 2; 8, 56, 84 
Hydhoxyhydroqoinoot: Triacetate, 

*, J5, 45 
Hydroxylajune Hydrochloride, 3, 

6t',-5, 71; 9, 92 
Hydroxylamine sulfate, 5, 73 
/,-Hydroxyphenylarsonic acid, 7, 4, 5 
/S-Hydroxy Propionic Acid, 7, $4, 55 
Hypochlorous acid, 5, 31 



Imide formation, 2, 75 
Infusorial earth, 7, 64 
Iodination, 4, 37; 9, 46 



Iodine, 1, 53, 54; 3, 45; 4, 37; 7, 14, 58; 

8, 104, 117 

IODOBENZENE, 8, Il6; 9, 46 

P-Iodobenzoic Acm, 7, 19, jS, 59 
^-Iodobenzonitrile, 7, 59 
Iodoform, 1, 57, 58 
p-lodonitrobenzene, 7, 59 
2-Iodo-3-Niteobenzoic Acm, 7, 14 
3-Iodopentane, 7, 77 
o-Iodophenol, 4, 37 
/3-Iodopropionic acid, 7, ^6 
p -Iodotoluene, 7, 59 
Iron, 8, 46 
Iron filings, 6, 5 2 
Isatin, 5, 71 

Isonitrosoacetanilide, 5, 71 
Isonitroso-/>-toluidide, 5, 74 
Ivory nuts, 7, 64 



Keratin, 5, 39 
Ketene, 4, 39; 8, 124 
Ketone hydrolysis, 7, 60 
Ketone-splitting of acetoacetic ester, 7, 
60 

L 
Lachrymation, 7, 16 
Lauryl alcohol, 1, 7 
Lauryl Bromide, 1, 7 
Lead hydroxide, 9, 5 
Lead nitrate, 6, 72 
Levulinic Acm, 9, 50 
Ligroin, 8, 39 
Lime nitrogen, 5, 45, 46 
Litmus, 7, 20, 42; 8, 50, 100 

M 
Magnesium, 4, 59; 5, 75, 87; 6, 20, 22, 

32, 54; 7, 37, 80; 8, 104 
Magnesium methylate, 7, 37 
Malachite green, 7, 26 
Maleic acid, 8, 13 
Malonic ester (ethyl), 4, 11, 27, 29; 7, 

34, 35 
Malonic ester synthesis, 4, ir, 29 
Mandelic Acid, 4, 1; 6, 58; 8, 68; 9, 92 
Mandelonitrile, 6, 58 
Manganese dioxide, 7, 18, 19; 8, 60 
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Mannose, 7, 66 

Melanin, 5, 63 

Melting point, sealed tube, 7, 71 

Menthol, 9, 52 

i-MENTHONE, 9, 52 

Mercuration, 3, 65, 99; 4, 13; 7, 1 
Mercuration, indirect, 8, 99; 7, 1 
Mercuri-bis compounds, preparation of, 

3,65 
Mercuric acetate, 4, 13; 7, 1 
Mercuric chloride, 3, 99; 5, 31, 87; 7, 19 
Mercuric iodide, 4, 37; 7, 14, 58 
Mercuric oxide, 7, 2 
Mercuric sulfate, 4, 23 
Mercurous chloride, S, 100; 7, 19 
Mercury Difhenyl, 9, 54 
Mercury Di-^-Tolvl, 3, <5j; 9, 92 
Mercury trap, 8, 104 
Mesitylene, 2, 41; 4, 25 
Mesityl Oxide, 1, 53/ 6, 28; 8, 121 
Mesoxaxic Esteb (Ethyl), 4, 27 
Mesquite Gum, 8, 18, 20 
Metathesis, 2, 9; 3, 83; 5, 45, 55, 103; 

6, 48; 7, 4, 9, a8, 78; 8, 4, 5* 
i>-Methoxyacetophenone, 5, 19 
3-Methoxys-Nitrophenol, 8, 82 
/-Methylacetophenone, 5, 19 
Methylal, 3, 67, 69 
Methyl alcohol, 3, 29, 71; 4, 3, 13, 31; 

6, 64; 7, 28, 64, 85; 8, 18, 60; 9, 58 
Methyl alcohol, absolute, 7, 37, 64 
Methylamine Hydrochloride, 1, 81; 

3,67 
Methyl «-amyl carbinol, 7, 62 
Methyl k-Amyl Ketone, 7, 60, 62 
^-Methyl Antkraqtjinone, 4, 43 
Methylation, 6, 64, 94, 96; 9, 12 
Methylation by means of formaldehyde, 

1, 75. 79; 2, 17; 3, 67 
Methyl benzoate, 3, 71, 72; 8, 71 
Methyl Benzoylformate, 8, 71 
Methyl bromide, 3, 2g 
Methyl w-Butyl Ketone, 7, 62 
Methyl wo-Butyl Ketone, 7, 62 
Methyl j«c.-Butyluethyl Ketone, 7, 

62 
Methyl chloroacetate, 7, 1 7 
Methyl cyanoacetate, 3, 56 



Methylene Amlnoacetonitrile, 4, 31, 

47 
Methylene Bromide, 9, 56 
Methylene Iodide, 1, 57; 7, 90 
/3-Methyl Esculetin, 4, 45 
(#-Methyl Ethyl Acetic Aero, 5, 7; 
Methyl formate, 3, 67 
«-Methyl <z-Glucoside, 6, 64 
p-Methyl glucoside, 6, 65 
4-Methylhexanonl-2, 7, 62 
Methyl Hexyl Cakbinol, 1, 61 
Methyl iodide, 1, 57, 59; 7, 26 
5-Methyl isatin, 5, 74 
o!-Methyl Mannostde, 7, 64, 66 
Methyl *»-NiTRaBENZOArE, 3, 72, 73 
Methyl o-nitrobenzoate, 3, 72 
Methyl oxalate, 5, 60 
Methyl orange, 7, 20 
4-Methyl Pentanone-2, 7, 62 
Methyl propyl carbinol, 7, 76 
Methyl Red, 2, 47 
Methyl sulfate, 6, 96; 7, 26 
Methyl /»-Toluenesulfonate, 9, 29 
Michael reaction, 4, 29 
Mineral oil, 6, 26 

Monochloromethyl ether, 9, 58 
Monosodium glutamate, 5, 66 
Muck acid, 9, 78 
Mymstic Acid, 6, 66; 8, 1 21 

N 
Naphthalene, 1, 35, 36 
a : Naphthol, S, 7, g 
0-Naphthol, 2, 6i;9, 60 
(3-Naphthol Phenylaminomethane, 

9, 60 
/3-Naphthyl amine, 9, 84 
/3-Naphthyl Methyl Ether, 9, 13 
1, 4-Naphthoquinone, 5, 73 
Nichrome wire, 8, 12 
Nicotine, 4, 4g 
Nicotinic Acid, 4, 40 
Nicotinic acid hydrochloride, 4, 51 
Nicotinic acid nitrate, 4, 49 
Nitration, 2, 37; 3, 7r; 5, 85; 7, 70; 8, 78 
Nitric acid, 1, 25, 26; 2, 37; 3, 71; 4, 27, 

49; 6, 9; 7, 70; 8, 54, 58, 78; 9, 46 
3-Nitro-4-aminotoluene, 3, gr 
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o-NiT&oAfnuNE, 9, 64 
m-Nitroaniiine, 3, 79, 87; 8, 80 
o-Nitroaniline-^-sulfonic acid, 9, 64 
3-Nitroanthranilic add, 7, r4 
Nitroanthranol, 8, 79 

NlTROANTHRONE, 8, jS 

«t-Nitrohenzaldehyde, 5, 83 
Nitrobenzene, 2, 79; 4, 19, 57; 8, 46, 116 
m-Nitrobenzene diazonium sulfate, 8, 80 

ftt-NlTROBENZOIC Acid, 3, 73 
j>-NlTROBENZOIC AcTD, 2, JJ/ 3, 75, 76 
^-NlIROBENZOYL CHLORIDE, 3, ?$ 
/■-NlTROBENZYL CVANIDE, 2, 57, S9 
W-NlTROCHLOROBENZENE, 3, 7Q; 9, Q2 

Bt-NitBOCiNNAinc Acid, 5, S3 

NlTROGUANIDINE, 7, fW 

Nitromethane, 3, S3; 9, 66, 92 

ot-NiTEOPHENot, 3, *7,- 8, 8c; 9, 92 

^-NlTSOPHENYL AcETIC ACID, 2, 5ft- 3, 

II 

3-nlteophthaijc acid, 7, i, 2 13, 14, 

3-Nitrophthalic Anhydride, 7, 74 
Nitrosation, 2, 17, 61; 4, 19; 6, 0.2 
^-NitrosodimethylaniJine hydrochloride, 

2,i7 
Nitroso^-Naphthol, 2, 61 
Nitroso-/3-phenyl hydroxylamine, 4, 21 
Nixsosothymol, 6, gz 

NlTROSTYRENE, 9, 66 
M-NlTSOTOUJENE, 3, gi 

J-Nitrotoluene, 2, 53 
7tt-Nitrc-j>-toluidine, 3, 91 
Nitroukea, 5, 85, 94; 9, 92 
Nitrous anhydride, 4, 27 
3-Nitro-4, 6-xylenol, 8, 82 
Norite, 7, 28 
Nut; ivory, 7, 65 
Nutmeg butter, 6, 101 
Nutmegs, 6, 100 



#- and Z-OcTANOi-2, 6, 68 
«-Octyl alcohol, 1, 7 
s«.-Octyl alcohol, 6, 68 
«-Octye Bromide, 1, 7 
«c.-Octyl hydrogen phthalate, 9, 68 
Oenanthol, 6, 52 



Alco- 



>ss 




so> 


02; 


,67 


.■8. 


5, 


so; 


39. 


53, 


> °> 


23, 


;8, 


54, 



Optically Active mc.-Octyl 

hols, 6, 68 
Optical rotation, 7, 65 
Okthofokmic Ester (Ethyl), B, 
Oxalic acid, 1, 17, 18; 2, 23; 5, 

6, 28 
Oxalic Acid, Anhydrous, 1, 18, 

59 
Oxalic Ester (Ethyl), 2, 2j; 

6, 40 
Oxidation, 1, 25; 2, 13, 34, 37, 

79, 85, 95; 3, 27; 4, 37, 40; 5. 

79; 6, 6, 92; 7, 18, 59, 62, 72: 

68, 102, 108; 0, 52 
Oxomalonic Ester (Ethyl), 4, 



Palladium black, 8, 94 
Palladous oxide, 8, 94, 98 
Paraformaldehyde, 1, 75, 79, 81; 6, 22 
Paraldehyde, 9, 6 
Pentaertthritol, 4, 53 
Pentamethylene Bromide, 9, 70 
Pentanol-2, 7, 76 
Pentene-2, 7, 76 
Perkin reaction, 5, 83 
Petroleum ether, 7, 81; 8, 8, 78 
Phenanthrerie, 7, 33 
Phenanthreuequinone, 7, 33 
Phenol, 1, 39; 4, 13, 65; 6, 48; 7, 84; 9, 

12, 72 
Phenolarsonic acid, 7, 4, 5 
Phenol bums, 4, 14, 38 
Phenolphthalein, 3, 83; 5 
Phenolsulfonic acid, Mf&^ 
o-Phenoxybenzoic acid, 7, 86 
Pkenoxyethyl Bromide, 9, 73 
t-Phenoxyxpropyl Bromide, 9, 72 
Phenyl Acetic Acid, 2, 10, 63; 8. 

122 
Phenylacetic Estek (Ethyl), 2, 2J 
Phenylacetylene, 2, 67; 8, 12 a, Kf 
4-PheTiyl-2-bromobutene-T, 6, 27 
Phenyl-4-bromo-2-butene-i, 6, M 
JV-Phenyl carbazole, 8, 119 
Phenyl ethylene, 8, 84 
phenylhydra2djte, 8, 71 
/S-PheNYL HYDBOXYLAMnjE, i, 10, p 
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PHENYL^HyDROXYSTYRYLKETO:NE, 8, 

60 

Phenyl Isothiocyanate, 6, 72 
Phenyl magnesium bromide, 6, 32; 7, 82 
Phenyl salicylate, 7, 84 
4-Phenylsemicarbazide, 6, 74 
Phenyl Succinic Acn>, 8, 88 
Phenylurea, 3, 9$; 6, 74 
Phlokoglucinol, 9, 74 
Phosphoric acid, 3, 21; 5, 92 
Phosphorus, 3, 45 
Phosphorus oxybromide, 9, 70 
Phosphorus oxychloride, 1, 22; 3, 75; 

7, 24, 26 
Phosphorus pentachloride, 1, ar, 22; 3, 

75, 76 
Phosphorus pentoxide, 8, 2 
Phosphorus tribromide, 9, 70 
Phosphorus trichloride, 4, p 
Phthalic acid, 7, 72 
Phthalic anhydride, 2, 75; 4, 43, ^3; 

6, 68, 78; ?, 69, 70 
Fhthalimide, 2, 7f; 7, 8, 78 
Phlhalimide synthesis, 7, 78 
Phthalimtdo Malonic Ester, 7, 7S 
Picric acid, 4, 16 
Pinacol Hydrate, 5, 87 f 91; 7, 90; 8, 

122 
PlNACOLINE, n, pi 

Pinacolone, 5, 15, gi; 8, 108 
Pinacolone, rearrangement, 5 > 91 
Piperidine, 9, 16 
Platinic Oxide, 8, 92 
Platinum black, 8, 13, $6, 66 
Platinum Catalyst, 8, 92 
Platinum oxide, 8, 12, 36, 66 
Platinum, test for, 8, 96 
Potassium acid sulfate, 4, 63 
Potassium benzilate, 1, 29, 30 
Potassium bromide, 7, 78 
Potassium carbonate, 8, 70, 116 
Potassium cyanide, 7, 22, 59; 8, 52 
Potassium hydroxide, 1, 29; 2, 67; S, 

37; ?, 45, 62 
Potassium hydroxide, alcoholic, 7, 77 
Potassium iodide, 4, 37; 7, 14, 58 
Potassium permanganate, 7, 18; 8, 68 
Potassium Phthaltmide, 7, <?, 78 



Potassium sulfate, 6, 2 
Prest-o-lite tank, 8, 10 
Phopane-i, r, 2, 3-Tetracarboxyxic 
Ester (Ethyl) , 4, 29, 7 7 

ft-PROPYLRENZENE, 4, 50 

wo-Propyl chloride, 5, 28 
«-Propyl chloride, 5, 28 
Propylene bromide, 1, 3, 11 
Pyridine, 4, 31; 6, 6; 9, 16 
Pyrogenic decomposition, 1, 61; 4, 39 
Pyromucic Acid, 6, 44 
Pyrrole, 9, 78 
Pyruvic Acld, 4, 03 



QuiNIZARIN, 6, 78; 9. 
QuTNOXINE, 2, 79 
QUINONE, 2, 8$; 8, 122 
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Racemization, 6, 80, 82 
Reactivation of catalyst, 8, 93, 97 
Rearrangement, 1, 29; 5, gi 
Rearrangement, benzilic acid, 1, 29 
Rearrangement, pinacolone, 5, 91 
Reduction, 1, 2, 15, 57, 71; 2, 71, 89, 3, 

7, 11, 45, 61, 91; 4,5, 57, 81; 5, 1, 87, 
93; 6, 16, 52, 85, 90; 7, 30, 88, 89; 8, 

8, 24, 36; 9, 16, 56, 79, 8g 
Reduction, electrolytic, 5, 93; 9, 42 
Removal of CO from dt-hydroxy acid, 

5,5 

Removal of color with Zn and HCI, 8, 43 
Removal of HX, 2, 67; 3, 47; 6, 35, 49; 

6, 26 
Replacement of carboxyl by mercury, 7, 

1 
Replacement of mercury by halogen, 4, 

37; 7, 12, 58 
Replacement of methylene hydrogen by 

alkyl, 7, 36 
Replacement of NH 2 by OH, 8, So 
Replacement of nitro by methoxyl, 7 t 

Resolution of ^/-alcohols, 6, 68 
Resolution of racemates, 6, 68 
Respirator, 7, 59 
Ring closure, 4, 43, 45; 5, 71; 7, 84 
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Saccharin insoluble, 9, i 
Salicylaldehyde, S, 27 
Salicylic acid, 7, 86; 9, 8 
Salicylide, 7, 86 
Salting out, 4, 57 
Sandmeyer-Gattermann reaction, 3, 33, 

79; 4, 6g; 5, 21 
Saponification, 3, 73; 6, 66; 7, 45, 54 
Sealing filter plates, 5, 7 
Semicarbazide Sulfate, 5, ftj 
Separator, automatic, 1, 64, 68; 2, 23 
Separatory apparatus, large, 7, 45 
Silica for sealing, 5, 7 
Silver oxide, 9, 5 
Skraup synthesis, 2, 79 
Soda lime, 7, 41 
Sodamide, 6, 26 
Sodium, 2, 5, 42; 4, n, 29; 5, 55; 6, 36; 

7, 3°> » 2 ; 8. 3°, 6°; 9, 16, 38, 84 
Sodium acetate, 2, 48; 5, 39, 40, 83; 7, 

i,44 
Sodium alcoholatc, 4, n, 29; 7, 22 
Sodium Amalgam, 7, 88, 8g; 9, 54 
Sodium arsenite, 1, 57, 58; 4, 5; 9, 56 
Sodium arsonoacetate, 4, 6 
Sodium /-Aesono-»-Phenylclyctna- 

mide, 8, 100 
Sodium benzenesulionate, 1, 21, 22 
Sodium benzoylperoxide, 8, 30 
Sodium benzylate, 2, 6 
Sodium bicarbonate, 8, 38, 50, 100 
Sodium bisulfate, 7, 52 
Sodium bisulfite, 1, 62, 63; 3, 33, 45, 61, 

79; 5, 79; 6, 58; 7, 30; 8, 47, 70 
Sodium bisulfite additions, 8, 68 
Sodium bromide, 1, 2, 6, 8, 10; 5, 21; 

7, 13; 8, 60 
Sodium carbonate, 7, 20; 8, 70, 74, 

"3 
Sodium chloride, 4, 13; 7, 30; 8, 113 
Sodium cyanamide, 5, 45 
Sodium cyanide, 1, 33; 2, 9; 8, 53, 37; 

4, 47, 69; 6, 103; 6, 58; 7, 20, 22, 51; 

8, 4, S3, 74, 88; 9, 4 
Sodium cyanoacetate, 7, 22 
Sodium cyanoacetate solution, 7, 20 
Sodium cyanophenylacrylate, 7, 21 



Sodium dichromate, 2, 13, 53, 85, 95; 5, 

23, 79; 9, 5* 
Sodium disulfide, 8, 64 
Sodium ethyl acetopyruvate, 6, 40 
Sodium ethylate, 6, 40, 48; 8, 30, 31 
Sodium formate, 8, 69 
Sodium 2-furancarboxylate, 6, 44 
Sodium hydrosulfite, 3, 8, 10 
Sodium hydroxide, 7, 42, 54, 60, 76; 8, 

14, 24, 42, 55, 68, 78, g7, 100, 102, 

105, 108 
Sodium hydroxide, alcoholic, 7, 89 
Sodium ^-hydroxymercuribenzoate, 7, 

iS 
Sodium ^-Hydroxyphenylarsonate, 

4,<Sj;7,S 
Sodium hypochlorite, 2, 37 
Sodium hypophosphite, 4, 6 
Sodium iodide, 8, 65; 7, 58 
Sodium methylate, 7, 28; 8, 60 
Sodium nitrate, 8, 92 
Sodium nitrite, 2, 17, 47, 61, 71, 80; 3, 

7, 33. 61, 79> 83, 87, 91; 4, 69; 5, 21; 

6, 16, 92; 7, 31; 8, 42, 80, 96; 9, 8 
Sodium 3-nitrophthalate, 7, 1 
Sodium phenate, 6, 48 
Sodium silicate, G, 3 
Sodium sulfate, 4, 6; 5, 71; 7, 55; 8, 31, 

38, 102, 116 
Sodium sulfide, 8, 64 
Sodium sulfite, 2, 71; 8, 33; 5, 1; 7, 30 
Sodium thiosulfate, 8, 32 
Sodium ^-Toluenebulfinate, 2, 8g; %, 

99 
Sodium ^-toluenesulfonate, 8, 37, 38 
Splitting C-C linkage, 4, 39 
Splitting C-Hg linkage, 7, 19 
Stabilizer, 8, 56 
Stannous chloride, 8, 96 
Starch-iodide test, 3, 7, 79; 8, 42, 80 
Steam distillation apparatus, 2, 80 
Steam distillation, reduced pressure, 8, 

80 
Stirrer, 1, 4 

Stirrer, mercury-seal, 7, 80 
Stoppers, asbestos and v/ater glass, 6, 9 
Stopper protection, tin foil for rubber, 4, 

68 
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Styrene, 8, 84, 102; 9, 93 

Styrene Oxide, 8, 102 

Sublimation under reduced pressure, 5, 

80 
Succinaldehyde, 7, 41 
Succinic acid, 5, 10; 8, 13 
Succinic ester (ethyl), 5, 10 

fl-StTLFORFNZOTC ANHYDRIDE, 9, 2, 80 

0-SuIfobenzoic imide, 9, i 

Sulfonation, with chlorosulfonic acid, 5, 

3 
Sulfonphthaleins, 9, 8o 
Sulfosalcylic acid, 3, 51 
Sulfur, 8, 64 

Sulfur dioxide, 2, 71; 3, 9, 61 
Sulfuric acid, 7, 51, 55, 60, 64, 68, 69, 70, 

76, 86; 8, 18, 61, 69, 75, 80, 105, 108 
Sulfuric acid, fuming, 4, 43 ; 5, 5 
Superheated steam distillation, 5, 80 



Tar formation, 7, 32 
Tartaric acid, 1, 46; 4, 63 
^-Tartaric acid, 6, 8a 
<K-Tartaric Acid, 6, 82 
meso-Tartaric acid, 6, 82 
Tetrabromophenolsulfonphthalein, 3, 14 
Tetraeiydroxymethylmethanf. (Pen- 

taerythritol), 4, $3 
ac-tereauydko-/s-naphihylauine, 0, 

Sp 
Thiacarbonyl perchloride, 6, 86 
Thionyl chloride, 4, i; 9, 32, 80 
Thiophenoi., 1, 71 
Thiophosgene, 6, 86 
Thymol, 6, 92 
Thymoquinone, 6, 92 
Tin, 6, 88; 8, 8; 9, 74 
Toluene, 2, 48; S, 27, 30, 42; 4, 23, 73; 

8,3° 
^-Toluenesulfochloride, 2, 89; 9, 38 
o-Toluidine, 3, 33; 4, 69 
^-Toluidine, 3, 34; 4, 70; 5, 21, 74; 6, S 
0-ToLtmiTRn.E, 4, 6g 
^-toluniteile, 4, 6q 
^-Tolcyl-o-Benzoic Acid, 4, 43, 73 

p-TOLYEMFJtCURIC CHLORIDE, 3, 65, 85, 

99! 7, 18, 19 



Tribromopinacolone, 8, 109 

r, 2, 3-Tpjbromopeopane, 5, 49, pp; 8, 

122 
Tricarbaixyuc Aero, 4, 77 
Trimethylacetic Acid, 8, 104, 108 
Trimethylamine, 1, 75 
Trimethylamine Hydrochloride, 1, 

75, 79 
Trimethylene Bbomii)f, 1, 2, 8, 10, n; 

5, 103; 9, 72 
Trimethylene bromohydrin, 1, 1 1 
Trimethylene chloride, 8, 113 
Trimethylene chlorobromide, 8, 52 
Trimethylene chlorohydrin, 8, 53, 58, 

112 
Trimethylene Cyanide, 5, 6g, 103; 8, 

53 
Trimethylene glycol, 1, 8; 8, 1 12 
Trimethylgallic Acid, 6, 96 
Trimyristin, 6, 66, 100 
J i 3j 5-Trxnitrobenzeke, 2, pj, 96; 7, 

28; 9, 75 
2, 4, 6-Tr:nitrobenzoic Acid, 2, 93, #5; 

9, 74 
2, 4, 6-Trinitrotoluene, 2, 93, 95 
Triphenyi.amine, 8, 116 
Triphenylchloromethane, 4, &2 
Triphenylmethane, 4, 81 
Trbhenyl Stiblne, 7, 80 
Triphenyl stibine dichloride, 7, 82 
Tri-/>-tolyl Stibine, 7, 81 
Tsyparsamjde, 8, 100 
Tyrosine, 5, 41 



U 



Urea, 3, 95; 9, 24 

Urea, determination, 7, 89 

Urea, nitrate, 5, 83 



*- Valeric acid, 5, 77 
Vegetable ivory, 7, 64 
Viscolizer, 2, 38 

W 

Water-glass asbestos joints, 5, 9; 8, 

46 
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Water-glass, for sealing, 5, 7 
Williamson reaction, 6, 48 
Wool, 8, 40 



Xanthone, 7, 84, 85, 88 
Xamthydrol, 7, 88 
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Xylene, 3, 65, 99; 4, 25 



Zeolite for removing ammonia, 4, 
Zinc chloride, 4, 15; 5, 27; 7, 77 
Zinc dust 1, 71, 72; 2, 89; 4, 57; 
33i 8 , 2 4, 43 



7,32. 



